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>  Remarks  on  the  status  and  capabilities  of  Augmentor  Wing 


(AW)  powered  lift  technology  introduce  a  discussion  of  potential  Air 


Force  needs  satisfaction  in  a  variety  of  affordable  aircraft 


applications.  A  description  of  technology  capabilities  and  cost 


comparison  examples  complete  the  b  ic Lgr ound  for  the  author’s  view  on 


current  and  future  air  force  inter  and  i ntra- theater  tactical 


airlift  operational  and  program  benefits  from  this  technology. 


Competing  technologies  and  AW  applications  on  Short  Take-Off 


Vertical  Land  (STOVL)  tactical  una  strategic  airlifters  and  the 


adaptation  of  Ejector  Lif t/Vert ical  Thrust  (EL/VT)  technology  to  an 


advanced  pilot  trainer  aircraft  and  a  Supersonic  Short  Take-Off 


Vertical  Land  (SSTOVL)  fighter,  as  in  the  Advanced  Tactical  Fighter 


( ATF  >  and  Ad  var.c  ed  /  Shor  t  Take  Off  Vertical  Land  (A/STOVL)  aircraft 


are  discussed.  I n ter nat i ona 1  development  of  a  joint  technology 


demonstrator  and  a  next  generation  tactical  airlifter  to  meet  United 


States,  Canadian,  United  Kingdom,  West  German,  French,  Australian 


and  other  allied  requirements  is  suggested. 
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CHAPTER  I 


INTRODUCTION 

The  United  States  Air  Force  and  the  Canadian  Forces  are 
examining  future  tactical  transport  aircraft  requirements.  A 
new  tactical  airlifter  will  be  needed  in  both  air  forces  near 
the  turn  of  the  century  as  inventory  C-130s  approach  the  end  of 
their  economic  lives.  Even  though  requirements  staffing  in  both 
air  forces  is  at  preliminary  stages,  many  similarities  are 
already  evident.  The  economies  of  scale  of  the  larger 
production  run  of  a  joint  United  States/Canada  project  would 
benefit  both  air  forces.  Coalition  warfare  1 n  t er  oper  ab i  1  i t  y 
would  also  be  enhanced  through  the  simultaneous  introduction  of 
a  common  weapons  system. 

For  almost  two  decades,  the  Governments  of  the  United  States 
and  Canada  have  been  collaborating  on  engineering,  wind-tunnel, 
and  flight  research  of  the  De  Havi  1  land  Canada  Augrnen  tor  -  W  i  ng 
(AW)  technology  applied  to  Short  Take-Off  and  Land  (STOL) 
military  transports.  The  salient  features  of  AW  technology  when 
applied  to  a  C-130  would  be:  faster  cruise  (M.8),  greater 
pay  1 oad / r ange  (40,000  lbs,  over  4,000  nm>,  superior  STOL  field 
performance,  and  ease  of  handling  and  flight  path  stability 
during  the  loss  of  the  critical  engine  during  STGi_  landings  and 
tal-eoffs  (the  bane  of  the  earlier  Advanced  Medium  STOL  Transport 
CAMST1  research  aircraft;. 

The  idea  for  a  joint  U.S. /Canada  project  to  demonstrate  these 
capabilities  was  conceived  in  '983  by  Dr.  Richard  DeLauer,  then 
Undersecretary  of  Research  arid  Engineering,  U.S.  Department  of 
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Defense,  and  is  currently  on  the  agenda  of  The  United 
States/Canada  Aerospace  Systems  Division  Task  Force.  The  logic 
behind  Dr.  De  Lauer's  focus  on  the  AW  C-130  marriage  is  clear: 
the  aircraft  is  currently  in  production,  it  approximates  the 
tactical  airlifter  requirement  of  most  air  farces,  but  needs  the 
enhanced  STOL,  cruise  and  pay  1 oad / range  performance,  or 
p r oduc t i v i t y ,  of  the  AW  technology.  The  AW  conversion  of  a 
0-130  would  be  affordable.  Costs  would  be  approximately  the 
same  as  re-winging  and  re-engining  the  C-130  (not  an  unimportant 
factor  since  the  USAF  buys  its  engines  for  the  C-130  on  a 
separate  contract  from  the  aircraft  itself,  and  the  wings  are 
produced  by  the  Convair  Division  of  General  Dynamics.).  AW 
technology  is  equally  applicable  to  an  all-new  tactical 
airlifter  designed  to  maximize  performance  and  productivity 
ga ins. 

The  interests  of  other  nations  could  also  be  well  served 
through  the  application  of  AW  technology  to  their  future 
tactical  airlift  needs.  The  United  Kingdom,  and  Australia  have 
candidate  C-130  fleets  as  do  a  number  of  other  NATO  and  third 
world  nations  who  would  appreciate  the  affordability  of  the 
proposal.  Since  the  AW  technology  is  applicable  to  a  variety  of 
proven  airframes,  it  would  also  be  possible  to  convert  the 
European  equivalent  of  the  C-130,  the  Transal 1 ,  with  the 
attendant  economic,  political  and  military  benefits. 

The  extensive  effort  which  has  gone  into  AW  research  and 
analysis  has  resulted  in  a  technology  which  is  sufficiently 
mature  for  development  in  a  variety  of  tactical  airlift 
applications  at  low  economic  and  performance  risk.  The 


affordability  and  practicality  of  AW  technology  solutions  to 
tactical  airlift  problems  and  efforts  to  support  their  joint 
production  will  be  the  main  focus  of  this  paper. 

Joint  research  is  also  in  progress  on  a  derivative  ejector 
lift  technology  for  a  Supersonic  Short  Take-Off/Vertical  Land 
(SSTOVL)  fighter  type  aircraft.  (It  was  De  Havilland  Canada’s 
ejector-lift  technology  which  formed  the  basis  of  the  De 
Hav i 1 1  and / Genera  1  Dynamics  E-7  SSTOVL  research  aircraft).  In  the 
interest  of  time,  fighter  developments,  including  potential 
pilot  trainer  applications,  will  only  be  discussed  briefly  at 
C  hap  ter  VII. 

MILITARY  AIRLIFT  -  HISTORICAL  INSUFFICIENCY. 

Military  history  is  full  of  examples  where  the  air  land  or 
air  drop  in-theater  delivery  of  troops  and  war-fighting  materiel 
was  key  to  success  in  combat.  In  World  War  II,  aircraft  design 
and  strategy  evolved  to  include  not  only  combat,  but  combat 
support*  in  a  more  comprehens i ve  definition  of  air  power. 
Recognition  of  the  operational  constraints  on  the  delivery, 
timing  and  sustainment  of  combat  which  is  attributable  to  a  lack 
of  military  airlift  was  evident  from  those  early  days.  The 
nature  and  capability  of  military  airlift  evolved  further  during 
the  next  forty  years  as  United  States  and  allied  forces, 
variously,  fought  in,  defended,  sustained  or  otherwise 
participated  in  the  Berlin  Airlift,  the  Suez,  the  Congo,  Israel, 
Korea,  Vietnam,  the  Falklands  and  Grenada,  for  example. 

Following  World  War  II,  the  United  States  adopted  a  strategy 
of  deterrence  through  forward  defense  requiring  continual  global 
resupply  of  forces  permanently  stationed  outside  of  the 
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Continental  United  States,  and  the  rapid  deployment  o-f  -forces 
committed  to  alliances  or  reacting  to  threats  to  vital  United 
States  national  interests. 

"The  people  and  dollars  we  devote  to  defense  cannot  be 
employed  effectively  without  efficient  processes  for 
the  rapid  transition  from  peace  to  war  —  mobilization 
—  and  for  the  timely  movement  of  forces  to  the  battle 
field  —  deployment.  Cur  ability  to  mobilize  and 
deploy  our  forces  rapidly  is  as  important  to  our 
deterrence  strategy  as  the  warfighting  capability  of  the 
forces  themselves.".  .  .  “This  strategy  serves  as  a 

powerful  deterrent  to  aggression.  To  support  it  we 
maintain:  ...  —  Projection  forces  capable  of  rapidly 
transporting  our  active  and  reserve  forces  to  the 
location  of  a  conflict."3 

As  the  supply-line  stretched,  airlift  capacity,  the  core  of 
these  "projection  forces",  did  not  keep  pace.  In  the  seventies 
Army  doctrine  and  moder n i z at i on  were  based  on  larger  and  heavier 
vehicles  impacting  the  design  of  military  air  transports,  and 
further  exacerbating  airlift  shortfalls  qualitatively  and 
quantitatively. 

“The  U.S.  Army  spent  a  great  deal  of  money  in  the  late 
1970s  to  "heavy  up"  its  divisions,  thinking  in 
particular  about  conditions  on  the  European  central 
front.  Now  it  is  enthusiastic  about  “light  infantry," 
relatively  easy  to  transport  to  trouble  spots. 

Unf or tunate 1 y ,  light  divisions  are  mobile  by  air 
transport,  but  less  so  once  they  arrive  on  the  scene, 
because  they  have  fewer  aircraft  and  vehicles.  What 
approach  is  the  right  one?  Either.  It  depends  on  what 
you  expect  to  need,  and  that  involves  imperfect 
knowledge  and  judgement.  As  usual,  the  safest  is  to 
strike  a  balance  -  and  do  some  of  each.** 

Congress  directed  the  Secretary  of  Defense  to  define  the 
magnitude  of  the  problem  through  a  study  of  U.S.  military 
mobility  requirements  in  1981  which  DOD  completed  that  April. 

In  response  to  defense  guidance  to  provide  a  minimum  level  of 
airlift  capabilty,  the  U.S.  Air  Force  published  an  Airlift 
Master  P 1  an  in  1983  which  defined  the  size  of  airlift  and  the 
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•fleet  mix,  including  Initial  Operational  Capability  (IOC)  of  the 

C - i 7  strategic  airlifter  in  1992. 

"Of  particular  s 1 gn i f i cance ,  none  of  the  proposed 
increases  actually  satisfied  the  shortfalls  identified. 

They  were  merely  fiscally  realistic  goals.  For  airlift, 
the  recommended  objective  was  an  additional  capabilit  ' 
of  20  million  ton-miles  per  day  beyond  the  46  million 
ton-mileage  level  projected  for  FY  86.  This  total  of 
66  million  ton-miles  per  day  has  become  the  accepted 
goal  for  U.S.  airlift  capability. 

The  66  million  ton  miles  per  day  refers  to  tonnage  to  be 

delivered  over  long  (strategic),  or  i ntertheater ,  ranges  on  C-5, 

C-141  and  C-17  type  aircraft. 

"The  scenario  used  in  sizing  our  forces  is  a  worldwide 
conventional  conflict  with  the  Soviet  Union  and  its 
allies.  This  scenario  severely  challenges  our 
mobilization  planning  and  deployment  capabilities 
because  it  recognizes  both  the  ability  of  the  Warsaw 
Pact  to  launch  a  major  attack  on  NATO  with  very  little 
warning  and  the  significant  advantages  the  Soviets  and 
their  allies  enjoy  through  their  proximity  to  several 
critical  theaters  —  Europe,  Southwest  Asia,  and 
Northeast  Asia."6 

While  the  important  requirement  for  strategic  airlift  has  not 
yet  been  satisfied,  planned  acquisitions  provide  a  solution  by 
the  end  of  the  century  when  the  C-17  program  will  be  completed. 

As  alluded  to  above,  strategic  airlift  is  not  the  only  problem, 
but  it  is  an  important  starting  point  for  the  discussion  if 
tactical  airlift  which  is  tne  therne  of  this  paper.  The  t  oops 
and  materiel  to  be  moved  within,  or  intra-,  theater  are  linked 
directly  to  the  deployed  farces  and  their  sustainment.  Thus,  a 
review  of  the  strategic  airlift  analysis  was  a  prerequisite  to 
the  discussion  of  the  next  military  airlift  problem  to  be 
solved:  a  new  gener at i on  tactical  airlifter  for  the  intratheater 
movement  of  troops  and  materiel  —  a  field  currently  dominated 
by  the  C-130. 
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Distance  is  not  the  dominant  factor  in  intratheater 


operations  and  capability  is  measured  in  tons  per  day.  The 


current  USAF  C-130  fleet  can  move  9,200  tons  per  day.  a 


capacity  requirrnent  which  is  unlikely  to  diminish,  thus  could  be 


a  minimum,  or  floor,  capability  level 


The  C-130  fleets  of  the  USAF  and  most  of  the  allies  will 


begin  reaching  the  end  of  their  economic  lives  in  the  first 


decade  of  the  21st  Century.  Even  so,  another  15  to  20  years  of 


operations  will  tax  the  ability  of  air  forces  to  support  the 


earlier  model  aircraft  approaching  30  and  AO  years  of  service  in 


a  harsh  operating  environment 


When  the  C-130  was  developed,  its  design  was  subject  to 


ridicule  and  its  success  was  not  anticipated.  The  design  and 


success  of  the  next  generation  airlifter  cannot  be  approached  in 


like  manner.  First,  the  need  for  tactical  airlift  is  too  great 


to  be  left  to  such  chance.  Second,  the  cost  of  producing  a  new 


aircraft  dictates  a  systematic  development.  As  large  numbers  of 


this  fleet  of  some  1800  aircraft  begin  to  retire,  replacement 


becomes  more  practical.  Once  the  C-17  enters  the  production 


phase,  a  new  tactical  airlifter  for  the  USAF  will  become 


budgetarily  practicable. 


FINANCING  AIRLIFT 


In  spite  of  the  overwhelming  need  for  military  airlift,  the 


funding  of  programs  has  never  been  easy.  The  delay  and 


>t retching  out  of  the  C-17  program  is  a  case  in  point.  Now,  the 


Gr amm-Ru dman -Ho  1  1  i n gs  amendment  has  the  potential  of  imposing 


automatic  spending  constraints  on  DOD  which  would  seriously  cut 


across  all  defense  programs.  Militdr/  airlift  programs  are  at 
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-fragile  stages  and  could  be  crippled  i-f  the 


Gramm-Rudman-Hol  lings  amendment  is  triggered.  Even  i-f  the 

automatic  -feature  is  avoided,  DOD  is  unlikely  to  enjoy  the 

relatively  easy  approval  of  Defense  programs  of  the  past  five 

years  until  the  budget  deficit  is  eliminated  and  the  American 

people  are  convinced  that  the  threat  warrants  the  expenditure. 

Secretary  Weinberger  has  eloquently  stated  the  administration’s 

view  of  the  need  to  sustain  a  strong  defense  budget  in  a  recent 

article  in  Defense  Review: 

“The  argument  that  in  meeting  the  current  deficit 
crisis,  fairness  requires  cuts  to  be  divided  equally 
between  defense  and  domestic  programs  has  a  superficial 
p 1 ausab i 1 i ty .  But  consider  this  proposition.  Some  of 
the  needs  addressed  by  federal  domestic  spending  can 
also  be  met  by  state  governments,  local  governments, 
nonprofit  enterprises:,  business  and  individuals.  But 
if  the  U.S.  government  fails  to  provide  for  the 
nation’s  defense,  no  one  else  can  fill  the  gap.  .  .“ 

“Strength  is  the  price  we  must  pay  for  peace.  Over  the 
past  five  years,  the  Congress  has  appropriated  the  funds 
to  restore  our  strength  and  to  secure  the  peace.  If  we 
persist,  we  now  have  the  prospect  of  the  most  far- 
reaching  agreements  ever  achieved  with  the  Soviet  Union 
to  .  .  .  overcome  the  threat  of  nuclear  annihilation. 

But  such  agreements  can  only  be  achieved  if  we 
negotiate  from  strength  ..." 

“The  choice  is  ours:  we  can  buy  the  forces  required  to 
secure  freedom  and  peace  for  ourselves,  our  allies,  our 
descendants!  or  we  can  meanly  conclude  it  is  too  great 
an  effort,  falter  and  thus  yield  to  the  forces  of 

Q 

totalitarianism  and  tyranny." 

Notwithstanding  the  poignancy  of  the  Secretary’s  assessment, 
the  administration  and  Congress  remain  in  a  cl  ass ic  standoff  of 
foreign  and  defense  versus  domestic  spending  priorities.  One 
conclusion  which  may  be  drawn  from  the  economic  crunch  facing 
DOD  is  that  the  opportunity  to  enhance  operational  capability 
with  more  affordable  programs  will  be  paramount.  Thus,  the  AW 
technology  should  realize  high  priority. 
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CANADA/UNITED  STATES  COOPERATION 
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As  a  natural  consequence  of  being  each  others  largest  trading 
partners,  there  is  a  strong  tradition  of  industrial  and 
governmental  co 1 1 abor at i on  between  the  United  States  and  Canada. 
Canadian  Forces  modernization  in  recent  years  has  seen  the 
largest  ever  peacetime  orders  placed  for  Amer ican-made  aircraft. 
In  fact,  ever  since  the  cancellation  of  its  own  CF-105  Arrow 

O 

fighter  program  in  1958,  Canadian  military  aircraft  have  almost 
exclusively  been  procured  from  the  USA.  Still  unsatisfied 
requirements  mean  substantial  future  orders  remain  to  be  placed. 
This  is  certainly  the  case  in  tactical  airlift  where  Canada  not 
only  has  a  need  for  reasonable  numbers  of  aircraft,  but  has  a 
significant  technology  contribution  to  make.  Moreover,  the 
Canadian  aerospace  industry  has  a  solid  reputation  for  building 
quality  components  for  all  of  the  prime  US  aerospace 
manufacturers. 10  A  large  segment  of  the  Canadian  aerospace 
industry  is  earmarked  to  supply  the  US  defense  effort  within  the 
context  of  a  cooperative  North  American  Defense  Industrial  Base. 
Large  volumes  of  work  for  US  forces  are  undertaken  annual  1 / 
through  the  Defence  Development  Sharing  Agreement.  Partners  in 
NORAD  and  NATO,  a  partnership  in  aircraft  production  is  a 
logical  progression  of  the  relationship. 

As  discussed  above,  Dr.  Richard  De  Lauer  suggested  that  the 
Canadian  augmen tor - w i ng  powered  lift  technology  concept  could 
interest  the  USAF  when  applied  to  the  ^ockheed  C-130  aircraft, 
at  a  meeting  in  Washington  in  April  1983. 11  Follow-up  briefings 
were  given  to  USAF,  USN  and  NASA12  officials  on  September  19, 
1963  and  again  with  the  USAF  in  November  of  that  year.  In  1984 


a  USAF  team  from  the  Air  Force  Laboratories  at  Wright  Patterson 


Air  Force  Base13  conducted  an  audit  of  the  technology  and  9ave 


it  a  strong  endorsement.  As  a  result  of  their  r ecommendat i ons 


for  a  more  modern  technology  engine,  dialogue  was  initiated  with 


Pratt  and  Whitney  and  General  Electric.  Pratt  and  Whitney 


enthusiasm  for  the  project  led  to  their  proposal  of  the  PW203? 


turbo  fan  which  was  briefed  to  officials  in  USAF,  Systems 


Command  and  MAC  Headquarters  in  1985.  Discussions  are  ongoing 


among  De  Havilland,  Boeing,  Pratt  and  Whitney  and  Canadian 


Government  and  US  Air  Force  officials  to  determine  how  a  joint 


project  for  a  modified  C-130  demonstrator  might  proceed, 


President  Reagan  and  Prime  Minister  Mulroney  reaffirmed  the 


Canada/US  Defense  De ve 1  op men  t  Sharing  Agreement  and  the  need  to 


strengthen  the  North  American  defense  industrial  base  at  their 


first  summit,  in  Quebec,  in  March,  19a5.  In  October,  1985, 


y  Weinberger  and  Defence  Minister  Nielsen  agreed  to 


address,  as  a  matter  of  priority,  the  issue  of  joint 


participation  in  major  projects.  Tht  C-130  Augmentor  Wing 


Powered  Lift  Demonstrator  was  specifically  identified  during 


their  discussions  and  is  being  supported  by  the  technical  staffs 


of  both  countries  and  the  joint  Defense  Trade  Opportunities  Tail 


For  ce . 


SUNNARY 


Augmentor -wing  powered  lift  technology  has  the  potential  to 


combine  conventional  fixed-wing  aircraft  with  exceptional  short 


tale -off  and  land  field  per  f  or  injnc  e  while  enhancing  cruise, 


pay  load  and  range  capabilities.,  end  handling  characteristics, 


particularly  in  the  engine-cut  case.  The  technolog/  is 
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sufficiently  mature  that  this  can  be  achieved  at  low 


techno  1 og i ca 1  and  fiscal  risk.  Related  work  extends  to  vertical 
take-off  in  transport  type  aircraft,  and  in  pilot  trainers  and 
fighters,  using  a  tilt-wing  and  ejector-lift  and  vectored  thrust 
r espec t i ve 1 y .  A  range  of  alternative  applications  of  this 
technology  provide  affordable  solutions  to  upgrading  the 
performance  of  inventory  or  future  design  tactical  airlifters. 
The  opportunity  to  reduce  the  unit  cost  of  any  of  these 
solutions  exists  through  joint  development  and  production  by  the 
United  States  and  Canada  as  well  as  interested  allies. 

Amp  1  i f  i cat i on  of  these  views  is  discussed  in  succeeding 
chap  t  er s . 


I 
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D  from  DND  to  the  Department  of  Industry  (now  DRIE) .  For 
information  on  the  capabilities  of  the  CF-105  Arrow  see  Jack 
Woodman,  “Flying  the  AVRO  Arrow, "  Canadian  Aeronautics  and  Space 
Jour na 1 .  25(1)  (First  Quarter  1979),  1-16. 
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Report  of  the  Special  Committee  of  Ut  Senate  on  National 
Defence:  Military  Air  Transport , The  Honourable  Paul  C.  Lafond, 
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■for  Canada,  June  20,  1985,  p.  6:11;  and  see  Canada’ s  Aerospace 

Industry;  A  Capability  Guide  1985-36. (Toronto,  Ontario,  Canada: 
Aerospace  Canada  International,  1985).  While  not  the  subject  of 
this  paper,  the  Canadian  aerospace  industry  very  likely  has  the 
engineering  competence  to  produce  these  aircraft  as  a  national 
aerospace  program.  Complementing  De  Havil land’s  design 
engineering  and  STOL  expertise  would  be  Canadair  with  experience 
i  ri  producing  large  aircraft  (of  C-130  size),  turboprop  and  jet 
transports,  pilot  trainers  and  supersonic  fighters,  and  a  number 
of  component  manufacturers  who  are  now  supplying  U.S.  aerospace 
primes.  The  capabilities  of  McDonnell  Douglas  Canada  and  the 
recent  purchase  of  De  Havil land  by  Boeing  further  extend  the 
capability.  The  manufacturing  capacity  is  not  matched  by 
adequate  risk  capital,  and  there  is  no  organizational  structure 
under  which  the  individual  companies  could  group  to  respond, 
collectively,  to  any  particular  program. 

1  Canada  was  represented  by  Mr.  T.  Chell,  Department 
External  Affairs,  Mr.  D.  Loftus,  Department  of  Regional 
Industrial  Expansion,  and  Mr.  J.  Killick,  Department  of 
Def  ence . 

1  9 

4Dr.  Hans  Mark,  former  Secretary  of  the  Air  Force  and  then  a 
Deputy  Admi n i srtrator  of  NASA,  on  24  November,  1981,  suggested 
that  the  technology  would  be  appropriate  for  carrier  aircraft. 

He  mentioned,  in  particular,  an  AW  S-3A,  but  Lockheed -Burbank 
did  not  return  the  January,  1982  visit  by  the  President  and 
V i ce-Pr es i den t  Engineering  of  De  Havilland. 

l3The  organization  and  activities  of  the  Air  Force 
Laboratories  is  explained  briefly  in,  "Air  Force  Laboratories, “ 
Air  Force  Journal  of  Logistics.  Winter  1986,  p.  33. 
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CHAPTER  II 


TACTICAL  AIKlIFT  REQUIREMENTS 

Defining  the  requirement  for  a  new  weapons  system  requires  an 
artful  blending  of  the  technologically  possible  with  the 
operationally  necessary  and  the  affordable.  The  t ec hno 1 og i ca 1 1 y 
possible,  itself,  requires  risk  trade-offs  between  new 
technology  and  incremental  advances  in  proven  engineering 
design.  Technology  cons i der at i ons  of  the  Augmentor-W i ng  (AW) 
will  be  left  to  succeeding  chapters.  This  Chapter  will 
concentrate  on  the  operationally  necessary  -  the  requirement  for 
a  new  tactical  airlifter. 

TACTICAL  AIRLIFT  OPERATIONS 

Tactical  airlifters  are  rugged  aircraft  designed  for 
self-sustained  in-theater  operations.  Their  loads  compr isi  the 
vehicles,  equipment  and  troops  of  the  army  and,  to  a  lesser 
extent,  the  navy  and  air  force.  Unlike  civilian  airliners, 
rapid  on-  and  off-load  of  wide-bodied  rolling  stock,  air 
delivery  via  air  drop  or  Low  Altitude  Parachute  Extraction 
(LAPES),  in-flight  refuelling  and  a  variety  of  special 
operat ions  charac terize  the  routine  mission  mix  of  t ac  t l ca 1 
airlifters.  In  western  air  forces  there  are  a  number  of 
tactical  airlifters  of  various  capabilities  and  capacities! 
however,  more  C-130  Hercules  aircraft  have  been  built  and  used 
by  air  forces  than  any  other  modern  tactical  airlifter.  Thus  it 
is  the  C-130  which  has  come  to  symbolize  tactical  airlift,1  and 
which  is  considered  to  be  t  ne  baseline  from  which  to  develop  a 
future  generation  tactical  airlifter. 
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The  threat  to  tactical  airlift  missions  flown  in  Vietnam* 


the  Falklands^,  and  Grenada^  is  repr  esentative  of  the  future 
combat  environment.  Of  these  the  Falklands  Campaign  affords  the 
unique  opportunity  to  study  tactical  air  lift  missions  and  the 
combat  environment  from  both  sides  of  the  war.  The  Argentine 
Air  Force  (AAF)  considered  their  C-130s  "ideal  for  the  mission, 
but  the  other  aircraft  were  not,  because  they  were  basically 
airliners."^  Most  flights  into  Port  Stanley’s  A, 100ft  by  75ft 
strip  were  at  night  (a  Royal  Air  Force  (RAF)  bomb  cut  the  150’ 
width  in  half  but  did  not  restrict  the  length) ,  and  from  about 
lOO  miles  out  the  airlifters  would  be  flown  at  50’,  on  the  radar 
altimeter.  On  reaching  the  islands,  terrain  masking  was  used  to 
avoid  being  spatted  by  radar.  Might  landings  were  made  without 
approach  aids,  lights  or  night  vision  equipment.  Operations 
persisted  under  consistently  poor  conditions,  but  were  cancelled 
on  three  days  when  the  crosswinds  were  90  degrees  to  a  wet 
runway.  One  AAF  C-130  was  shot  down  by  a  combination  of  AIM-9L 
and  30mm  cannon.^ 

The  RAF  airlift  problem  differed  from  the  AAF  by  adding  the 
complication  of  great  strategic  transit  distances  to  the 
tactical  delivery  requirement.  Ascension  Island  was  the  staging 
base:  3, ?OOnm  from  England  and  3,300nm  from  the  Falklands.  The 
air  effort  to  move  personnel,  equipment  arid  supplies  across 
these  distances  highlighted  deficiencies  in  sir  refuelling 
(delivering  and  receiving)  _w,d  self-contained  lu.-.j  -  range 
navigation  capability.  Quid,  fixes  were  improvised.  Probes 
were  attached  to  some  C-liOs  and  Victor  bombers  (too  late  to  be 
used  in  the  war,  other  C  •  1  305  were  fitted  with  center  -line  hoa<_s 
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through  the  cargo  door).  To  overcome  the  speed  differential 


between  the  C-130s  and  the  Victor  tankers,  refuelling  was 
completed  while  descending  at  235  Knots  (the  Victor  overtook  the 
C-130  which  plugged  in  as  the  Victor  came  by).  RAF  C-130s  did 
not  land  at  the  Falklands.  Supplies  were  air  dropped  into  the 
sea,  in  one-ton  waterproof  containers,  beside  a  designated  ship. 
This  was  a  time-consuming  task  as  each  container  had  to  be 
recovered  before  the  next  one  was  dropped.  The  first  such  C-130 
mission  took  just  over  24  hours  and  covered  a  distance  of 
6 , 300ntn  .  7 

From  these  stories  of  a  short,  recent  war  we  have  seen  the 
C-130  performing  the  customary  tactical  airlift  missions  many  of 
which  are,  or  border  on,  the  domain  of  special  operations: 
flying  in  high  threat  en v i ronmen t s ,  conducting  routine  and 
unique  air  drop  and  air  refuelling  procedures  over  short  and 
excessively  long  ranges.  This  inherent  flexibility  to  project 
tntra  theater  forces  over  inter  theater  ranges  nets  greater 
mission  productivity  and  must  be  built  into  future  generation 
tactical  airlifters.  The  Augmeritor  -  Wing  technology  could 
provide  the  needed  capab i  1  i t  y . 

THE  UNITED  STATES  AIR  FORCE  REQUIREMENT  FOR  AN 
ADVANCED  TACTICAL  TRANSPORT  (ATT) 

The  foregoing  wartime  account  is  a  vivid  aid  to  understanding 
that  the  tactical  military  airlift  mission  -  to  carry  the 


national  war  fighting  capability  to  and  within  the  combat 
theater  -  requires  unique  capability  assets  not  needed  in  the 
civil  s  e  c  t  o  r  or  in  a  perfectly  peaceful  world.  Fur  the  United 
States,  the  war  fighting  capability  to  be  air  I  if  ted  is 
predicated  on  a  two-pronged  global  strategy.  In  Europe  airlift 
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is  needed  to  augment  and  sustain  forward-deployed  United  States 


forces.  Elsewhere,  it  is  necessary,  first  of  all,  to  deploy  the 


needed  combat  capability,  and  then  to  augment  and  sustain  it. 


Secretary  Weinberger's  succinct  analysis  of  both  situations  is 


drawn  from  his  annual  report  to  Congress. 


“Rapid  reinforcement  is  central  to  a  successful  defense  of 
NATO.  Because  the  Warsaw  Pact  maintains  a  large  active 
military  force  along  its  borders  with  Western  Europe,  and 
the  road  and  rail  networks  would  support  a  rapid  enemy 
bu i  ldup,  NATO  must  be  prepared  to  reinforce  its  in-place 
forces  immediately  upon  receiving  firm  indication  that  a 
Pact  buildup  had  begun.  The  timely  arrival  of  reinforcing 
units  from  the  United  States  would  be  key  to  an  effective 
forward  defense  during  the  opening  weeks  of  war,  when  the 
risk  of  a  Pact  breakthrough  would  otherwise  be  high.  Our 
initial  rei nforcemen ts  would  include  six  Army  divisions, 

60  tactical  fighter  squadrons,  and  one  Narine  Amphibious 
Brigade  —  all  of  which  would  have  to  be  delivered  to  their 
combat  positions,  with  support  detachments,  within  10  days 
of  a  decision  to  mobilize.  Given  the  constraints  of 
distance  and  timing,  the  forces  would  have  to  go  by  air, 
and  draw  an  equipment  that  had  been  prepos i t i oned  for  them 
in  Europe  in  advance. “ ® 


As  the  strategic  airlift  force  delivers  the  estimated  66 


million  ton  miles  per  day  to  Europe,  it  is  the  tactical  airlift 


task  to  redistribute  the  troops,  materiel,  provisions  and 


repairables  to  and  from  the  forward  areas.  Tactical  airlift 


would  also  move  any  prepositioned  equipment  which  is  at  risk  of 


being  overrun,  or  which  is  needed  in  another  theater  at  any 


particular  time. 


In  Couth  West  Asia  (SWA)  , 


“The  problems  we  would  face  i n  .  deployment  differ  from 

those  of  a  NATO  reinforcement  in  three  respects:  a  Soviet 
threat  to  SWA  would  take  longer  to  materialize  because  of 
the  limited  road  and  rail  systems  and  the  greater  distances 
to  be  travelled;  we  have  no  f or  war d -dep 1 oyed  forces  in  the 
region;  and  we,  too,  would  have  to  contend  with  limited 
road  and  rail  systems,  as  well  as  limited  port  facilities. 

A  deployment  to  SWA  would  require  moving  our  forces  some 
8,000  nautical  miles  by  air  (nearly  double  the  distance  to 
Europe)  and  more  than  12,000  nautical  miles  by  sea  (more 
then  three  times  as  far  as  to  Europe).  At  their  desti- 
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nation,  our  troops  wou Id  be  operating  f r om  ports  and  air¬ 
fields  that  lack  the  modern  cargo-hand  1 i ng  equipment  found 
at  European  facilities.  Moreover,  since  no  US  combat  units 
are  based  in  SWA  in  peacetime,  we  would  have  to  deploy  an 
entire  fighting  force,  with  all  of  its  support  elements  -- 
and  do  so  very  quickly.-9 

The  military  air  1  if  ter  with  its  roll-on,  roll-off  capability 
is  inherently  designed  for  these  combat  areas  which  lack,  or 
have  poor  quality,  airfields,  personnel  and  car go-hand  1 i ng 
facilities  where  the  red i str i but i on  task  of  the  tactical  airlift 
fleet  is  compounded. 

The  USAF  has  518  tactical  airlift  C-130s.  The  Secretary  does 
not  envisage  any  growth  in  fleet  size,  but  the  next  tactical 
airlifter  will  require  greater  capacity  or  pr oduc t i v i ty ,  or 
both.  The  speed  and  pay  1 oad / range  capabilities  of  an  enhanced 
STOL  Augmen tor - W i ng  tactical  airlifter  provide  the  spectrum  of 
capabilities  needed  by  the  United  States. 

THE  CANADIAN  REQUIREMENT 

The  Canadian  requirement  for  tactical  airlift  differs  from 
the  United  States  in  two  distinct  ways.  First,  Canadian  defence 
policy  is  predicated  on  national,  not  global,  policy  objectives 
except  for  two  key  alliances:  NATO  and  NORAD.  Second,  since 
Canada  does  not  have  a  strategic  airlift  fleet  for  r e i nf orcement 
and  resupply  of  European  NATO,  her  tactical  airlifters  fall  heir 
to  that  task.  The  deployment  and  sustainment  of  NATO-committed 
Canadian  Farces  require  the  entire  airlift  fleet:  leaving  no 
aircraft  for  other  priority  national  defence  tasks.  Even  then 
the  fleet  size  is  inadequate,  as  reported  in  two  recent  studies 
concerned  with  Canadian  defence  capabilities  by  the  Senate  of 
Canada, and  the  Canadian  Business  Council  on  National 
Issues.11  The  Senate  Committee  confirmed  "...  what  it  had 
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expected  to  -find: 


Air  Transport  Group’s  -fleet  lacks  numbers,  is  over  utilized 
and  suffers  from  increasing  obsolescence."  .  .  .  "Our 

present  Hercules  fleet  is  inadequate  and  aging.  It  needs 
to  be  almost  doubled  in  size.  Present  holdings  should  be 

updated  and  1  if e-extended  to  meet  the  various  requirements 

1 

they  are  likely  to  face  in  the  next  decade." 

The  basis  for  the  Senate  Committee  conclusion  that  the 
airlift  fleet  needs  to  be  almost  doubled  in  size  is  the  NATO 
commitment  requiring  "extensive"  in-theater  operations  as  well 
as  heavy  strategic  airlift.  This  leaves  no  tactical  airlifters 
to  support  Defence  of  Canada  or  Defence  of  North  America  war 
tasks,  or  the  continuing  support  tasks  for  which  only  tactical 
airlifters  are  suited.  Moreover,  “NATO  strategists  now  believe 
that  a  land  war  in  Europe  could  conceivably  last  several 


months  . 


The  longer  the  war,  the  greater  the  attrition  and 


the  larger  the  requirement. 

The  limited  size  of  the  Canadian  Forces  authorized  tactical 
airlift  fleet  (28  C-130s)  compared  with  defence  commitments  has 
resulted  in  utilization  rates  at,  virtually,  wartime  levels.  CF 
C-130s  are  flown  in  excess  of  twice  the  rate  of  USAF,  or  most 
other  air  force,  C-130s  resulting  in  taster  aircraft  aging,  and 
the  erosion  of  the  reserve  cap  ac  i  t  y  of  a  " younger “  f 1 eet  at  the 
outbreak  of  war.  Thus,  the  peacetime  C-130  fleet  could  be 
doubled  in  size  from  28  to  56  C-130s*^  just  to  correct  the 
uniquely  high  utilization  rate  by  halving  it.  In  wartime  this 
"doubled"  fleet  could  be  flown  at  twice  the  normal  peacetime 
flying,  or  utilization,  rate  and  fulfill  the  current  NATO 
comm  i  trnents  . 

For  years  Canadian  governments  have  expressed  an  interest  in 
stronger  Northern  and  Arctic  defences.  The  CF-18  is  tasked  to 
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operate  -from  Forward  Operating  Locations  (FOLs)iri  the  North,  but 


will  require  tactical  airlift  support.  As  well,  all  CF-18s  can 
be  a  i  r  -  r  ef  ue  1  1  ed  .  The  force  multiplier  effect  of  in-flight 
refuelling  prompted  the  Senate  Committee  to  recommend  the 
acquisition  of  six  tactical  airlift  tankers. ^ 

For  the  Defence  of  Canada,  the  Senate  acknowledged  that  the, 
“Canadian  Forces  must  have  the  air  transport  capability  needed 
to  airlift  a  brigade  of  troops  to  any  Northern  or  coastal  points 
which  may  be  threatened  by  disorders  or  outside  interference  or 
incursion. Fleet  size  would  depend  upon  the  time  within 
which  the  force  was  to  be  assembled  and  deployed  and  whether 
this  task  is  to  be  doub 1  e-hat  ted  with  the  NATO  commitment,  or  a 
stand-alone  commitment. 

The  Senate  Committee  looked  across  the  Air  Transport  Group 
(ATG)  inventory  and  commented  on  the  variety  of  dissimilar 
aircraft  performing  airlift  tasks.  Citing  the  logistics, 
training  and  operational  benefits  of  commonality  in  aircraft 
types,  to  the  extent  possible,  recommendations  were  made  on 
replacing  most  of  the  old  CF  aircraft  with  larger  fleets  of 
fewer  types  of  modern  aircraft.  Except  for  the  call  for  more 
C-130s,  the  recommendations  focussed  on  utilizing  aircraft 
currently  produced  in  Canada.  An  alternative  plan  is  worth 
cons i der i ng . 

The  aircraft  to  be  replaced  include  the  nine  venerable 
Dakotas  (C-47s) ,  fourteen  Buffalos  <C-3Bs)  and  eight 
Twin-Otters.  The  Dakotas  are  Air  Reserve  aircraft  which  have  an 
airlift  role  but  limited  capability.  The  Buffalos  and 
Twin-Otters  have  two  roles:  Search  and  Rescue  (SAR)  and  tactical 
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OTHER  NATION  REQUIREMENTS 


Approximately  three  years  ago,  aerospace  industry 
representatives  of  four  countries  initiated  discussion  on  a 
co 1 1 abor at i ve  project  to  develop  a  C-130  replacement  labelled 
the  Future  International  Military  Airlifter  (FIMA).  The 
consortium  comprised  Lockheed  (USA),  MBB  (Germany),  Aerospatiale 
(France)  and  British  Aerospace  (UK).  The  objective  of  FIMA  is 
for  those  companies  to  produce  a  single  set  of  specifications 
that  would  meet  the  needs  of  their  national  air  forces.  Broad 
agreement  has  been  reached  on  a  single  design;  however,  details 
have  been  witheld  from  non-par  ticiparits. 

What  seems  to  be  emerging  from  FIMA  is  an  aircraft  not  too 
dissimilar  from  the  C-130  or  the  Transall  which  would  enter 
service  near  the  end  of  this  century.  The  aircraft  must  be 
developed  from  the  outset  as  a  rugged  military  aircraft 
optimised  for  intra-theater  operations  and  built  to  low-unit 
cost.  Take-off  and  landing  performance  must  be  better  than  the 
current  C-130.  Improved  specd/pa/load/range  is  required  to  be 
capable  of  long,  unref ue 1 1 ed  flights  with  a  useful  payload  at  .7 
or  . 8M  cruise.  The  RAF  requires  a  larger  cargo  capacity  than  the 
current  C-130  ( De  Havi  1  land  has  done  parametric  studies  of  a 

wide-bodied  C-130  which  would  likely  satisfy  this  need.  As 
well,  the  augrnentor  wing  with  its  lighter  structural  weight 
would  make  the  stretched  C-130  more  productive).  These 
requirements  almost  certainly  result  from  an  analysis  of  the 
Falk  lands  Conflict  as  discussed  above. 

The  early  meetings  of  FIMA  also  included  planning  for 
strategic  air  lifters.  In  November,  19U4,  European  Defence 
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Ministers  agreed  to  collaborate  on  a  Future  Transport  Aircraft 
<FTA)  in  a  purely  European  context.  In  June,  1985  Ministers 
urged  that  the  work  under  the  Independent  European  Programme 
Group  (IEPG)  should  be  extended  to  include  future  requirements 
for  Airborne  Early  Earning  (AEW),  Maritime  and  Tanker  aircraft 
under  the  catch-all  title  Future  Large  Aircraft  <FLA).  There 
does  seem  to  be  support  for  rationalising  the  military  fleets  of 
large  aircraft  around  a  single  design,  essentially  derivatives 
of  a  basic  military  airlifter.  Initial  Operational  Capability 
<IOC)  dates  are  expected  to  be  between  2000-2010.  The  staffing 
of  mission  needs  documents  and  staff  targets  is  currently  in 
progress . 

These  two  initiatives  were  planned  by  the  Europeans  as  means 
of  speaking  with  a  single  voice  on  their  future  airlift 
requirements  -  aircraft  which  could  also  be  common  NATO  military 
ai r 1 i f ters , and  perhaps  tanker,  ASW  and  AEW  aircraft.  If  NATO  is 
to  develop  aircraft  common  to  the  entire  alliance,  discussions 
need  to  be  opened  with  the  United  States  and  Canada.  Certainly, 
the  Canadian  Senators  have  called  for  this  in  their  report  on 
military  air  transport  discussed  above.  More  importantly,  the 
baseline  requirements  compare  very  favorably  with  the  Canadian 
and  United  States  needs  and  the  au  grne  n  t  a  r  w  i  n  g  technology  is 
very  likely  the  best  way  to  achieve  the  low-cost,  low-risk 
performance  benefits  the  Europeans  seek. 

Recent  discussions  between  officials  of  the  Canadian 
Department  of  External  Affairs  IDEA)  and  the  Australian 
Government  indicate  RAAF  interest  in  exploring  the  possibility 
of  converting  their  C-i30s  with  the  augmentor  wing.  The  RAAF 


and  Cf  fleets  are  about  the  same  size. 


No  other  details  of  the 


RAAF  requirements  are  Unown  at  this  time. 

For  all  of  the  differences  in  the  descriptions,  or 
definitions  of  individual  requirements,  there  are  great 
similarities  amongst  the  tactical  airlift  needs  of  air  forces. 
These  similarities  could  be  the  foundation  of  a  cooperative 
development  project.  The  scope  of  such  a  project  could  vary 
from  a  technology  demonstration  of  specially  modified 
Augrnentor  -Uing  versions  of  the  C-130  to  development  and 
production  of  a  new  generation  tactical  airlifter  incorporating 
the  Auqmen  t.  or  -  W  i  ng .  Current  USAF  and  European  planning  centers 

on  an  all-new  aircraft.  This  may,  in  the  end,  be  the  most 
practicable  solution,  but  alternatives  will  be  examined  in 
succeeding  chapters. 

Notwithstanding  Canada's  technology  lead,  the  initiative  and 
choice  for  tactical  airlift  enhancement  through  a  major  aircraft 
modification  or  new  production  aircraft  rests  with  the 
governments  of  those  air  forces  which  require  sufficient  numbers 
to  be  able  to  amortize  reasonably  the  development  costs.  The 
European  cooperative  app  roach  c  ommend  s  itself  to  a  br oader  group 
of  allies.  The  joint  production  process  is  still  foreign  to 
North  Americans,  although  the  realities  of  Gr amm - Rudman - Ho  1 1 i n gs 
rn  a  /  eventually  impose  such  solutions. 

Currently,  USAF  planners  are  examining  their  own  requirement 
for  a  tactical  airlifter  at  the  turn  of  the  century.  The  first 
step  in  the  process  is  the  preparation  of  a  Statement  of  Need 
'SON)  by  the  operational  command,  Military  Airlift  Command  (MAC) 
Headquarters  staff.  Supporting  studies  are  being  coordinated 
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through  the  Requirements  Planning  Department  of  Aerospace 


Systems  Division  (ASD/XRM),  at  Wright  Patterson  Air  Force  Base. 
TACTICAL  MOBILITY  MISSION  ANALYSIS  (TMMA). 

The  first  of  these  supporting  studies  is  a  Tactical  Mobility 
Mission  Analysis  (TMMA)  of  the  requirement  for  an  Advanced 
Tactical  Transport  (ATT)  when  the  USAF  C-130  aircraft  reach  the 
end  of  their  economic  lives  in  the  first  decade  of  the  21st 
century.  The  study  is  oriented  towards  the  user’s  needs  in  the 
operational  combat  environment  envisaged  during  the  life  of  the 
aircraft  in  the  next  century.  Inputs  have  been  sought  fro  i  key 
Army  and  Air  Farce  staffs  [Figure  21  ( par t 1 cu 1 ar 1 y  the  Combined 

Arms  Center,  Fort  Leavenworth,  Kansas  and  the  Airlift  Concepts 
Requirements  Agency  at  MAC  HQ),  responsible  for  doctrine  or 
operational  planning.  Considerable  attention  has  been  given  to 
the  lessons  of  history,  as  applied  to  tactical  airlift,  as  well 
as  the  thinking  contained  in  the  latest  draft  of  the  Airland 
Battle  2000, 1 7  tor  example,  in  order  to  gain  greater  insight 
into  the  intratheater  tasks  of  the  next  century. 

Reflecting  the  times  and  the  electronic  battlefield,  much  of 
the  analysis  is  devoted  to  threat,  to  include  the  need  for 
greater  survivability  through  EW  protection,  active  self-defense 
and  the  use  of  maneuver  and  speed  at  low  altitude.  Army  and  Air 
Force  planners  share  concerns  over  the  need  to  minimize  the  time 


aircraft  and  parat  r oop  s  are  exposed  over  drop  zones.  Possible 
solutions  being  discussed  include  paratroop  drops  at  250  Kts 
from  300  fwt,  squad  or  platoon  sized  airdrops  on  pallets  arid 
airdropping  on  coordinates  without  slowing  down.  An  AW  aircraft 


capable  of  rapid  deceleration  and  acceleration,  and  safe 
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comfortadl*  low  flight  at  alow  speeds  (e.g.,  6b  to  80  kts  LAPES) 
would  provide  an  attractive  capability. 

The  maximum  numbers  of  airlifters  on  the  ground  (MOG)  is  seen 
as  the  critical  factor  in  delivering  airlift  loads  to  airheads. 

A  sortie  effectiveness  model  is  being  developed  to  determine  the 


optimum  means  of  sortie  generation, 


This  will  include 


maintenance  factors,  MOG,  and  the  use  of  intermediate 
airheads. In  certain  scenarios,  a  stead/  and  sustained  flow  of 
aircraft,  as  currently  planned,  could  c  hole  the  facilities  and 
capacity  of  the  destination  airfield.  In  such  cases  aircraft 
would  be  held  on  the  ground  at  an  intermediate  departure  point 
awaiting  an  offloading  slot  at  destination  before  being 
authorized  for  take-off .  A  high  dash  speed  capability,  such  as 


offered  by  an  Augmen  tor -Wing 


ar  lifter’s  capability  to  respond, 


,  would  facilitate  a  future 


Mot  surprisingly,  the  TMMA  study  uses  the  C- 130  (updated  to 
the  yedr  2010),  its  strengths  arid  deficiencies,  as  a  comparative 
baseline.  Industry  respondents  are  co-participants  in  the  study 
which  was  initiated  in  July,  1935.  Industrial  participants  will 
consider  and  propose  design  criteria,  technology  opportunities 
and  systems  concepts  for  the  new  tactical  air  1  if  ter,  then  join 
A'u'D  in  the  conduct  of  an  internal  evaluation,  or  validation,  of 
their  analyses.  Study  completion  is  scheduled  for  July,  1937. 
SUMMAPY 

The  USAF  and  tier  allies  all  appear  to  have  quite  different 
specific  requirements  for  a  new  tactical  airlifter.  Yet,  their 
proposed  solutions  are  strikingly  similar.  The  baseline 
aircraft  is  a  C-130,  or  somewhat  larger  version  of  one,  with 
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much  i  mpr oved  STCIL  performance,  1  onger  range,  Letter 


pay  1 oad / r ange ,  higher  speed  (M.3),  and  overall  better 
productivity  and  efficiency.  Some  air  forces  need  a  tactical 
airlifter  which  can  also  operate  aver  strategic  ranges.  Any  air 
force  would  benefit  from  this  capability.  The  Augrnentor  -  Wing 
technology  seerns  tailor-made  far  all  of  these  r  equ  1  r  ernents  . 
Subsequent  chapters  will  discuss  how. 


I 


I 
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6In  Vietnam  a  USAF  C-130  refuel  1  ing  helos  was  much  luckier 
when  it  was  jumped  by  a  MIG-21.  While  one  helo  was  destroyed 
the  other  aircraft  awaiting  refuelling  and  the  tanker  escaped. 
The  C- 130  evaded  by  rolling  and  diving  maneuvers  down  to 
tree-top  level  and  then  sustained  violent  yawing  and  rolling 
maneuvers.  The  MIG,  having  missed  on  its  initial  passes  slowed 
down  for  a  more  acurate  shot.  The  MIG-21  got  so  slow  the  nose 
"tucked".  Without  sufficient  altitude  to  recover  from  the 
stall,  the  MIG  crashed.  In  spite  of  the  harrowing  experience, 
the  crew  were  not  credited  with  the  kill,  decorated  or  otherwise 
honored . 


De  Seversky  envisaged  a  need  for  6,OOOnrn  ranges  in  his  1942 
book  Victory  Through  Air  Power,  as  quoted  in  Air  Force  2000  and 
cited  by  Dr.  Leonard  C.  Gaston,  "Planning  for  Force  Proj ection, " 
in  Air  University  Review,  XXXVI (2),  ( J an uar y - Feb r uar y  1985),  91. 
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“St.-iutQr  Paul  C.  L  a  f  o  n  d  .  Report  of  the  Special  Committee  of 
the  Senate  on  National  Defence:  Military  Air  Transport  The 
Honourable  Paul  C.  Luforid,  chairman.  lOttawa,  Ontario,  Canada: 
Queen’s  Printer  -for  Canada,  February  1 9  3o  >  ,  pp.  xm-xv. 

1 3  Ibid ,  p . 2 . 

*  ^The  Senators  settled  or.  47  aircraft  based  on  the  tasU,  but 
without  considering  attrition  or  utilization  rate.  Fifty-six 
tactical  airlifters  would  be  required  to  cut  the  peacetime 
flying  rate  in  half  and  it  is  the  number  required  to  complete 
the  mission  within  the  time  constraints  and  allow  tor  20  percent 
attrition.  This  assumes  that  the  C -  130s  are  fully  dedicated  to 
the  deployment  as  no  C - 1 30s  would  be  available  for  concurrent 
tasl>  l  n g  . 

1  5  I  b  i  d  .  p  .  2  1 

16Ib i d ■  pp . 20-1 

i  -> 

“The  Fundamentals  of  Airland  Battle  Doctrine,”  Draft 
Chapter  2  of  U.S.  Army  Doctrine  Manual  FM  100-5  dated  18 
October,  1985*  John  L.  Rornjue.  From  Active  Defense  to  Airland 
Battle:  The  Development  of  Arm/  Doctrine  1973-1982 .  (Fort 
Monroe,  OA:  United  States  Army  Training  and  Doctrine  Command, 
1984)  .  An  interesting  series  of  articles  on  the  AirLand  Battle 
are  contained  in  Combat  Weapons.  Summer  85,  pp.  15-55. 

1  8 

Based  on  a  program  contained  in  a  thesis  written  at  AFIT  by 
Capt.  Tom  Manacapilli,  USAF,  "A  Methodology  for  Identifying  Cost 
Effective  Strategic  Force  Mixes.” 
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q  f  35  Combat  Talons,  of  which  14  will  be  modified  C-130s  and  the 


remainder  new-production  models  ( hlC - 1 30Hs ) .  All  of  the  modified 


aircraft  are  already  in  service.  Five  of  the  new  aircraft  are 


on  order,  with  deliveries  scheduled  to  begin  in  1988.  Together 


with  the  F  Y  1 986  author i zat ion,  the  FY  1987-91  pr ogr am  provides 


funds  for  the  remaining  16  aircraft,  all  of  which  are  scheduled 


to  enter  service  by  FY  1993. 


AC  -  1 30  GUNSHIP 


The  AC-130  is  a  modified  C-130  aircraft  whose  primary  mission 


is  to  provide  support  for  special  operations  and  far 


convent lonal  targets  by  emp laying  its  highly  accurate  guns‘ 


against  enemy  targets.  The  aircraft  is  configured  with  a 


precision-navigation  system,  ti 


n-following  radar,  and 


electronically  aimed  weapons.  Deliveries  of  the  12 


new-production  aircraft  will  begin  in  FY  1990  and  continue 


through  FY  1992,  offsetting  the  retirement  of  older-model 


aircraft.  The  new  gunships  will  help  revitalize  "our"  special 


operations  forces.  A  taste  for  the  utility  of  the  AC-130  is 


expressed  by  General  Momyer : 


The  "...AC-130  and  its  sophisticated  sensor  system  . 
proved  the  best  weapon  system  .  .  .  for  [nighttime]  target 

acquisition.  With  its  low  light  TV  or  infrared  sensor,  the 
AC-130  was  able  to  mark  targets  .  .  .  accurately  .  .  .  for 
follow-on  attacks  by  fighters  .  .  .  deliver  direct  fire 
against  tanks  and  .  .  .  use  laser  designators  [ to]  . 

illuminate  targets  for  fighters  to  attack  with  laser 


bombs .  1 


There  are  similar  stories  throughout  the  Vietnam  War,  but  tew 


capture  the  hostile  environment  or  the  variety  of  tactical 


airlift  tasks  better  than  the  i 1 1 -timed,  but  otherwise 


imaginative  raid  to  release  prisoners  of  war  f  r  or,<  Son  Yay. 


High  altitude  "strafing''  by  gunship- 


...it  t.  ha  on  1  / 
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offensive-  task  of  C  -  130s.  In  a  discussion  of  the  use  of  Soviet 

airlift  er  s  in  Afghanistan,  it  has  been  said, 

"  the  Soviets  may  be  copying  U.S.  transport  tactics 

used  i n  Vietnam.  Same  sources  have  suggested  that  AN-12 
Cub  transports  have  been  used  as  bombers  by  rolling  bombs 
domi  arid  off  the  tail  ramp  while  in  flight.  I  n  Vietnam, 
the  United  States  used  15,000-pound  bombs  dropped  from 
C-130  transports  to  clear  helicopter  assault  zones  in  the 
jungle. " ® 

SEARCH  AND  RESCUE  (SAP) 

When  one  thinks  of  C- 130s  in  the  SAR  role,  the  United  States 
Coast  Guard  (USCG)  comes  readily  to  mind.  Their  long  ranging 
patrols  searching  for  and  providing  assistance  to  vessels  at  sea 
requires  the  capability  for  sustained  operations,  high  reaction 
speed,  and  low,  slow  flight  in  abysmal  weather  conditions.  The 

Coast  Guard  SAR  tasl<  is  r ep r esen t a t  1  ve  of  the  peacetime  SAR 
mission  in  most  countries.  In  wartime.  Combat  SAR  introduces 
new  threats  to  the  rescue  forces.  In  Vietnam  the  USAF  SAR 
forces  enhanced  their  SAR  e f f ec t i veness  through  the  novel  use  of 
the  inherent  flexibility  of  design  and  function  of  the  C-130. 

Tie  USAF  found  rescue  was  facilitated  by  exploiting  the  airlift 
(C-130s),  gunship  (AC-130&),  rescue  communications  and  control 
(HC-nOHs)  ,9  and  ever,  in  -  flight  i  e  f  uu  1  1  i  ng  c  apab  i  1  ity  (USAF 
HC - t lOPs  *  °  and  USMC  KC-130s)  of  the  respective  versions  of  the 
C  130.  Time  and  c i r c urns t anc es  were  right  for  the  "Here,"  which 
played  a  key  role  in  the  rescue  of  3,<3& 3  souls. 

Now,  the  electronic  battlefield  arid  the  even  more 
sophisticated  air-to-air  arid  surf«*ce-to-air  threat11  suggests 
the  next  generation  rescue  aircraft  will  require  greater 
inherent  capability-  for  manoe-u  v.  e .  Ideally,  a  SAR  aircraft 
would  have  a  speed  range  from  zero  ( VSTOL )  to  high  subsonic 
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forward  speed. 


IN-FLIGHT  REFUELLING 

In-flight  refuelling  permits  aircraft  to  remain  on  station 
longer,  to  achieve  mission  lengths  over  longer  ranges,  and  even 
to  avoid  the  loss  of  combat  crews  and  aircraft  which  wou 1 d 
otherwise  have  been  lost  due  to  a  shortage  of  fuel,  as  happened 
so  often  in  Vietnam. 

.  .  all  missions  going  into  Route  Package  VI  were  air 

refuelled.  .  .Four  fighters  refuelled  by  a  single  tanker, 
took  on  10,000  to  12,000  pounds  of  fuel  each.  .  .more  than 
60  aircraft  wou Id  take  on  fuel  within  a  f ew  minutes  of 
each  other.  .  .  sufficient  fuel  for  .  .  .  15  to  20 

minutes  wi t hout  afterburner  in  the  target  area  before 
turning  home.  .  .coming  back.  .  . mos t . . . r equ i r ed  another 

air  refuel  1 ing.  “ 

The  USAF  had  before  Vietnam  primarily  concentrated  on  the  use 
of  in-flight  refuelling  as  a  means  of  extending  the  reach  of  the 
nuclear  strike  force.  The  USMC  and  USN,  on  the  other  hand,  had 
exploited  KC-130S  to  refuel  tactical  fighters  and  the  USMC 
pioneered  the  in-flight  refuelling  of  helicopters  in  1965.  As 
it  was  so  well  proven  in  Israeli  attacks  on  Egypt  in  the  1960s, 
in  Vietnam  and  in  the  Falklands,  the  in-flight  refuelling  of 
tactical  aircraft: 

“  .  .  .  provided  a  totally  new  dimension  to  air  defence  and 

attack  operations  by  permitting  greatly  increased  ranges 
to  be  achieved  by  inherently  short-range  tactical  aircraft 
.  .  .  expanded  the  tactical  options  open  to  a  commander  in 

the  employment  of  air  power  by  allowing  him  to  switch 
aircraft  between  tasks  and  geographic  areas  swiftly  and 
decisively.  Time,  so  often  at  a  premium  in  operational 
situations,  can  now  be  utilised  to  much  greater  advantage. 
This  leads  to  flexibility  of  options,  concentration  of 
force  at  the  critical  time  and  place,  and  surprise.  These 
factors,  and  the  improved  cost-effectiveness  in  the 
employment  of  resources  which  they  offer,  have  been  fully 
accepted  by  US  and  British  forces. ^ 

The  cost-effective  force  multiplier  effect  to  be  realized 
from  an  inherent  in-flight  refuelling  capability  suggest  all 


tactical  jircrdtt,  including  tactical  air  litters,  should  be 


capable  of  taking  fuel  in  flight,  arid  all  tactical  land 


strategic)  air  lifters  should  be  inherently  capable  of  giving 


fuel  in  flight.  It  would  not  be  practical  for  airl ifters  to 


continually  carry  the  drogues  or  internal  tank  (however,  a  probe 


or  an  external  fitting  for  a  probe  could  be  flush-mounted),  but 


their  basic  design  configuration  should  include  the  plumbing  and 


systems  necessary  to  convert  them  quickly  to  tankers  as  and  when 


necessar y  . 


The  broad  speed  envelope  of  the  Augmentor  Wing  aircraft  is 


well  suited  to  air  refuelling.  Its  li  .8  cruise  would  permit 


fighters  to  refuel  efficiently  at  altitude  [Figure  31,  and  the 


inherent  slow  flight  capabilities  would  permit  equally  efficient 


air  refuelling  of  slower  aircraft  and  helicopters  at  lower 


a  1 t 1 t  udes  . 


In  Vietnam  the  C-130  earned  a  well  deserved  reputation  for 


its  flexibility  in  a  variety  of  roles.  That  it  did  so  is 


attributable  to  the  persistence  of  individuals  who  prevailed 


against  the  p  r  ed  am  i  n  an  t  1  y  "party-1  me,  "  or  i  ns  t  i  tut  i  ona  1 


thinking.  Following  Vietnam  the  SOF  forces  which  used  a 


variety  of  tactical  airlifters  so  imaginatively  and  effectively 


in  combat  and  combat  support  roles  were  permitted  to  decline. 


Unique  stills  were  lost  and  doctrine  and  tactics  were  not 


ded.  In  spite  of  stated  intent  to  beef  up  the  SOF,  little 


tangible  evidence  exists  of  a  top-down  policy  to  solidify  and 


expand  SOF  capabilities  in  spite  of  the  known  need.  The  planned 


aircraft  procurement  programs  cited  above  are  badly  needed.  The 


conviction  w  i  t  h  which  DOD  arid  USAF  support  SOF  today  will  be 
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evidenced  by  the  rate  of  implementation  of  these  programs. 
SUMMARY 

From  spec i a  1  o per ations  entailing  unique  surveillance 
capabilities,  or  the  tactical  support  o-f  low  intensity  conflict 
there  has  emerged  a  requirement  for  a  tactical  airlifter  with 
high  dash  and  low  loiter  speeds,  which  can  operate  i ndependen t 1 y 
at  extreme  ranges,  and  from  very  short  austere  airfields  with 
payloads  up  to  27,0001bs.  An  Augmentor  Wing  tactical  airlifter 
with  its  broad  operational  performance  spectrum  would  be  a  vast 
improvement  over  the  C-130  in  all  Special  Operations  areas: 
Compass  Call,  Combat  Talon,  Gunship,  Tanker,  SAR  etc.  Its  safe, 
slow  approach  and  landing  speed  and  enhanced  field  performance 
would  open  numerous  shorter  and  narrower  airfields^  while 
enhancing  the  likelihood  of  continued  operations  from  bombed 
runways  and  in  poor  weather. 
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reasonable  number  of  C-130s  would  be  candidates  for  augrnentor 


wing  conversion. 

C -  1 30  PL  PERFORMANCE 


The  C - 1 30PL  performance  predictions  are  juxtaposed  with  the 
USAF  Request  for  Proposal  (RFP)  performance  criteria  below: 


SPECIFICATIONS  RFP 


C -  1 30  PL 


C-  130 

1 , 700-3, 135  sq  ft 
6 . 34-8 
12-14 
44 , 000LBS 

carries  an  integral 
fective  payload  is: 


SIZE 

WING  AREA 
ASPECT  RATIO 
THICKNESS/CHORD  RATIO 
PAYLOAD 

Note:  the  C-130  PL 
Thus,  C-130  F'L  ef 
COMBAT  LOAD 
DASH  SPEED 
RANGE  WITH  36,OOOLBS 
STOL  WITH  36 , OOOLBS 
STOL  <36, OOOLBS 
VTOL 

ENGINE  OUT 
♦Single  Engine  take 


27,  OOOLBS 
M  0.7-M  0.85 
1  iOOnrn 
1500  feet 

0-300  feet 

1 0*4  Reduction  OK 
off  at  mid  mission  wt 


C-130 

1 , 745  sq  ft. 

12 

24 

44, OOOLBS 
6 , 200LBS  ECM  fit. 
50, 200LBS. 

44, OOOLBS 
M  0.8 
4  ,  OOOntn 

<1000  ft  grnd  roll 
500ft  grnd  roll 
0  achievable  with 
tilt  w i ng . 3 . 

Capable  of  SE  T/0.* 
(36, OOO lbs.  payload) 


The  RFP  specifications  listed  above  combine  the  features  of 


the  two  "test”  aircraft  designs  of  the  Advanced  Tactical 
Transport  Technologies  (ATTT)  study.  The  Augrnentor  Wing  C-130 
PL  compares  extremely  well;  particularly  in  pay  1 oad / range ,  STOL 
and  speed . 
we i gh  t  . 


The 

C-130 

PL  retai ns 

the  wing 

area  of  the 

or  i  g 

i  n  a  1  C  - 

Des i gn 

Gross 

We i gh  t  is 

i  ncreased 

to  180,000 

lbs . 

with  an 

overload  weight  of  205,000  lbs. 


Per  f or nance . 

The  thick  wing  provides  the  design  advantage  of  low 
structural  weight,  and  ample  space  for  the  cross  ducting  behind 
the  rear  spar.  Operational  benefits  accrue  from  the  high  lift 


without  leading  edge  devices,  and  the  greater  flexibility  in 


pa/lo3d/ranqe  (trade-off)  combinations  due  to  the  large  internal 


fuel  c  ap  aci t  y . 

"The  aircraft  is  well  suited  to  either  a  tactical  assault 
radius  mission  or  to  a  tactical  support  range  mission. 

STOL  capability  of  the  aircraft  is  defined  in  terms  of 
field  performance  at  the  mid-point  of  a  radius  mission  in 
which  payload  carried  out  of  the  field  is  equal  to  payload 
delivered.  Also,  it  is  assumed  that  the  aircraft  does  not 
take  on  fuel  at  the  mid-point. 

Range. 

A  comparison  of  pay  1 oad /range  capabilities  between  the  C-130 
PL  and  the  C-130  is  made  at  Figure  6-1.  The  chart  has  two 
deficiencies.  First,  it  plots  performance  against  the  C-130  PL 
Overload  weight  of  205,000  lbs,  but  not  the  C-130H  overload 
weight  of  175,000  lbs.  Second ,  it  compares  performance  against 
the  same  payload  of  44,000  lbs.,  when  the  C-130  PL  is  carr  <ing 
an  extra  6,200  lbs.  of  electronic  equipment  for  an  effective 
payload  of  50,200  lbs,  or  13  percent  more  than  the  C-130. 

Low  Level  Radius  Mission. 

The  tactical  radius  at  50  feet  above  ground  level,  with  full 
payload,  is  in  excess  of  500nm.  The  radius  can  be  extended  even 
further  with  smaller  payloads  and  more  fuel:  to  the  point  where 
additional  fuel  could  be  carried  internally  in  tanker  configured 
v  a  r  i  ants. 

Takeoff  Performance. 

Takeoff  distance  with  all  engines  operative  is  shown  at 
Figure  6-2,  and  corresponding  lift-off  speeds  are  at  Figure  6-3. 
“It  is  the  cross-ducting  which  renders  the  aircraft  controllable 
at  low  speed  and  which  permits  payload  and/or  fuel  to  be 
off-loaded  in  order  to  achieve  a  shorter  field  capability  for 
special  missions.  In  particular,  *■  e  that  takeoff  distance  out 
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of  the  C-130  (in  the  200,0001b  plus  category),  have  two  or'  three 


turboprop  or  turbo-fan  engines,  and  have  improved  ST0L, 

pay  load/ range  and  speed  performance:  the  ingredients  tor  a  joint 

or  collaborative,  or  "coalition,"  development  program. 

“The  historic  intent  of  the  Congress  remains  as  clear  today 
as  it  was  in  its  early  charge  to  the  [Secretary  of  Defense! 

—  to  assume  responsibility  for  enhancing  effectiveness, 
economv,  and  efficiency  in  management  activities  common  to 
more  than  one  military  department." 

"What  is  different  is  that  vastly  greater  threats  now 
demand  cooperation  and  efforts  to  achieve  combined 
effectiveness  in  ways  which  could  not  have  been  foreseen 
when  Congress  enacted  the  D0D  charter  into  law."'7 

When  writing  those  words,  Dr.  DeLauer  did  not  anticipate  the 
extraordinary  "threat"  to  DOD  posed  by  the  G  r  amm  -  Ru  d  rnan  -  Ho  1  1  l  r,  js 
amendment,  or  the  congress l ona 1  and  public  pressures  tor  DOD  to 
tighten  its  belt.  Dr.  DeLauer  was  a  strong  advocate  of  working 

more  closely  w  i  t  h  the  allies  l  r  i  joint  R  8.  D .  Was  his  interest 
based  on  the  knowledge  that  the  ally  is  more  likely  to 
participate  in  the  deploy  merit  of  a  system  it  can  point  proudly 
to  and  say  "It  was  made  here'*"  European  consortia  have  been 
very  successful  in  implementing  shared  weapons  system  programs. 
Some  of  those  programs  may  not  appeal  to  have  made  sound  short 
term  "business"  s  e  n  s  e  because  the  per  unit  cost  is  relatively 
high.  The  long  term  benefits  from  a  stronger  European 
industrial  base,  higher  levels  of  employment  arid  the 
international  political  and  trade  benefits  of  cooperative 
enterprise  and  defense  systems  development  will  pay  handsome 
future  dividends  compared  with  the  initial  investment  and  higher 
per  unit  cost  i n  the  early  /ears.  Those  same  p  r  e  s  s  u  i  e  s  which 
caused  our  European  allies  to  jointly-  produce  the  Jujuat, 

Tornado,  T  r  ansa  1  1  and  Airbus,  tor  e .  amp  1 e ,  are  mounting  in  North 
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It  is  time  to  join  in  a  cooperative  military  aerospace 
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program,  and  the  augrnentor  wing  technology  provides  a  timely  and 
effective  vehicle.  Secretary  Weinberger’s  report  suggests  that 
Congress  rnay  be  leading  the  way  with  its  support  to  certain 
other  coalition  programs. 

“The  Congress  provided  strong  support  -for  U  .  8  .  —  allied  arms 
cooperation  in  FY  1986  by  earmarking  *200  million  -for  NATO 
cooperative  research  and  development  programs, 
appr  opr  i  at  i  ng  *100  million  ir.  new  funding  for  these 
efforts,  establishing  a  program  for  side-by-side 
comparative  testing,  and  passing  enabling  legislation  for 

Q 

flexibility  in  contracting." 

It  may  be  argued  that  *200  M  is  not  much.  That  depends  on 
whether  you  are  looking  down  from  35  billion  or  up  from  zero. 

It  is  an  important  opener  -  particularly  when  multiplied  by  the 
number  of  con t r i bu t l ng  participants. 

Dr.  DeLauer ’ s  article  went  on  to  pose  four  questions  to  test 
the  validity  and  worth  of  joint  programs. 

The  first  criterion:  "Where  will  investment  in  these  tools 
make  a  real  differer.ee0'*  "Economy  and  efficiency  are  still 
cornerstones  of  any  cooperative  effort.  But  the  bottom  line  must 
remain  combat  effectiveness.  "Achieving  that  goal  at  the  lowest 
possible  cost  is  our  common  purpose. " 

"The  second  criterion  is:  "Will  the  joint  effort  support  our 
military  doctrine?" 

The  third  criterion  is:  "Is  there  joint  agreement  on  the 
mission  needs0" 

The  fourth  and  last  criterion  is:  "Does  it  make  sense-"' 

In  answer  to  the  first  question,  a  program  is  most  likely  to  be 
implemented  at  the  lowest  possible  cost  when  there  are  large 
numbers  of  the  same  item  produetd ,  and  when  the  dc  lopment  and 
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production  r  isi.  is  low. 


As  may  be  seen  -from  the  requirements 


chapter,  with  any  combination  of  allied  partners  in  a 
cooperative  augmentor  wing  program  it  is  likely  to  quickly 
achieve  t . e  numbers  of  aircraft  needed  for  a  "lowest  cost" 
production.  Indeed,  it  might  be  argued  that  the  partners 
(Canada  for  example)  would  be  more  likely  to  reequip  more  of 
their  force  with  augmentor  wing  derivative  tactical  airlifters 
than  off-the-shelf  aircraft  of  foreign  manufacture.  With 
respect  to  risk,  the  augmentor  wing  technology  has  a  substantial 
technical  data  base  from  the  joint  Canada/U.S.  technology 
research  programs.  The  research  aircraft  and  wind  tunnel 
projects  have  reduced  technical  risk  to  a  minimum;  thus,  the 
program  may  be  seen  to  be  well  down,  in  the  crossover  area  of, 
the  risl./cast  profile  chart  used  by  the  Executive  Office  of  the 
President  in  systems  development  decision  making  [Figure  6-83. 

In  fact,  the  technology  for  engine  and  augmentor  wing  both  is 
sufficiently  advanced  that  an  all  new  tactical  airlifter  could 
be  built  without  a  demonstrator  phase,  and  by  using  the  first 
production  aircraft  as  the  prototype. 

In  answer  to  the  second  criterion,  augmentor  wing  development 
supports  military  airlift,  combat  search  and  rescue,  and  special 
operations  doctrine. 

The  third  criterion  is  equally  easily  answered.  Each  nation 
cited  in  the  requirements  chapter  has  agreed  on  mission  needs 
which  are  comparable  to  the  other  nations.  Moreover,  the 
augmentor  wing  technology  meets  or  exceeds  those  needs. 

To  answer  the  fourth  criterion,  yes,  it  makes  sense.  It 
makes  economic  and  political  sense,  but  more  importantly,  it 
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r«  a  k  e  s  op  e  r  j  t  1  o  n  a  1  rn  i  I  1  t  j  r  icr.bc.  I  h  1  s  is  a  rare  combination 

which  should  be  savored. 

The  augmen  t  or  wing  tactical  air  lifter  meets  Dr.  DeLauer’s 
criteria  tor  a  joint  program. 

FUTURE  LARGE  AIRCRAFT  (FLA) 

The  European  FLA  envisages  strategic  airlift,  Airborne  Early 
Warning  (AEW),  Maritime  Patrol  (MP  or  VP),  and  strategic  tanker 
requirements  being  satisfied  b/  respective  variants  of  a  common 
airframe.  Requirement  details  are  not  yet  known,  but  the 
aircraft  is  likely  to  be  between  C - 1 4 i  and  C-17  size,  with  the 
smaller  C-141  size  being  more  appropriate  to  the  maritime  role. 
The  Boeing  707  may  be  considered  an  early  U.S.  version  of  the 
FLA  -  although  it  does  not  have  the  wide-bodied  oversize  cargo 
capacity,  it  has  performed  all  of  the  other  roles  except 
maritime  patrol  (a  707-320  was  a  serious  contender  tor  the 
Canadian  Long  Range  Patrol  Aircraft  cornpe  t  ition  in  the  mid 
1970s).  The  European  aerospace  industry  is  undoubtedly  trying 
to  emulate  Boeing's  success  in  building  multiple  mission 
military  derivatives  of  a  common  airframe. 

De  Havilland  has  conducted  parametric  studies  of  three  and 
four  engined  airlifters  up  to  500,000  lbs.  Payloads  equalled  25 
percent  of  design  gross  weight.  Wing  areas  were  predicated  on 
fuel  capacity  for  the  stated  mission  stage  length  and  then 
increased  incrementally  to  130  per  cent  of  requirement.  Using 
an  8,000  foot  strip  for  the  original  mission  takeoff,  900  to 
1100  foot  takeoffs  are  practical  at  the  mid-point.  (whereas  a 
ST0L  takeoff  at  design  gt  ous  weight  incurs  a  moderate  penalty  in 
fuel  efficiency,  thus  a  conventional  takeoff  roll  is  deemed  more 
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appropriate  to  a  21st  century  design. 


It  is  not  the  purpose  ol 


this  paper  to  choose  which  tactical  airlift  solution  to  pursue, 
but  to  point  out  the  advantages  of  the  augmentor  wing  technology 
in  any  desired  solution. 

The  Future  Large  Aircraft  is  another  opportunity  for  North 
American  and  European  NATO  military  allies  to  join  in  a  major 
aerospace  development  with  the  potential  for  significant 
improvement  in  i nteroperab iity  and  logistics  support.  More 
importantly,  co 1 1 aborat i ve  defense  development  efforts  are  more 
likely  to  stimulate  higher  levels  of  allied  defense  spending 
because  of  the  direct  benefits  to  each  country’s  own  economy  and 
j  ob  rnar  Let  . 
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CHAPTER  IV 


TECHNOLOGY  AND  DESIGN  FEATURES 

Under  the  auipicea  of  Aeronautic!  System*  Division  ( ASD ) ,  the 
Air  Force  Laboratories  at  Wr 1 gh t -Pat terson  Air  Force  Base 
( AFWAL >  are  examining  Advanced  Tactical  Transport  Technologies 
< ATTT ) ,  in  a  study  by  that  name,  applicable  to  the  Tactical 
Mobility  Mission  Analysis  (TMMA)  for  an  Advanced  Tactical 
Transport  (ATT)  as  described  in  Chapter  II.1  The  technology 
interests  cover  the  spectrum  of  operational  concerns  expressed 
in  the  preceeding  chapters!  however,  for  the  purposes  of  this 
paper  the  focus  here  will  be  on  aircraft  design  -  specifically 
the  application  of  Canadian  Augmentor-Wl ng  (AW)  technology  to 
tactical  airlifters. 

ADVANCED  TACTICAL  TRANSPORT  TECHNOLOGIES  (ATTT). 

The  USAF  technology  study  takes  the  critical  mission  -  the 
resupply  of  troops  behind  the  Forward  Edge  of  the  Battle  Area 
(FEBA)  or  behind  the  Forward  Line  of  Own  Troops  (FLOT)  with  an 
assault  payload  of  27,000  lbs.  -  as  its  baseline.  In  one 
representat 1 ve  regional  or  internal  intratheater  scenario  a 
light  brigade  (3-6,000  troops  and  equipment)  is  to  be  moved  2  to 
3 , OOOnm  in  6  hours.  The  specified  range  is  2000nm  on  a  4g 
aircraft,  or  3, OOOnm  on  a  2.17  to  3. 12g  aircraft.  Terrain 
following  and  terrain  avoidance  systems  and  procedures  will 
require  the  design  to  withstand  the  stress  loads  of  30  degree 
weaves  at  300ft  AGL  requiring  2.3  to  3  or  perhaps  4  g . ^ 

Two  aircraft  research,  or  "test",  designs  have  been  selected 
to  represent  the  technology  spectrum  which  will  be  examined 
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before  choosing  a  final  developmental  design. 


In  each  case  the 


C130  "box"  capacity  (9ft.  high  x  10.25ft.  wide  x  41ft.  long), 
which  is  capable  of  lifting  a  Glackhank  helicopter  and  other 
field  weapons,  has  been  retained. 

SURVIVABLE  VERT ICAL /SHORT  TAKE  OFF  AND  LAND  (VSTOL) 

LOW  RADAR  CROSS  SECTION  DESIGN. 

In  what  is  referred  to  as  a  "survivable  VSTOL"  design,  the 
aircraft  would  be  "optimized"  for  a  low  radar  cross  section 
CFigures  4-1,23.  Larger  than  the  C -  1 30 ,  its  chief  features  are: 

a.  Design  Gross  Weight:  223,0001bs; 

b.  Two  engines  of  40,0001bs  thrust  ea.  with  a  14: 1  bypass; 

ratio  (lower  if  possible); 

c.  Wing  area:  3,135  sq  ft; 

d.  Aspect  ratio:  6.34; 

e.  Sweep:  35  degrees; 

f.  Thickness  to  Chord  ratio  (T/C)  :  14%; 

g.  Thrust  to  Weight  ratio  (T/W)  :  cruise  .36,  VSTOL  1.43; 

h.  Cruise  speed:  M.8  -  M.85; 

i.  Payload:  27,0001bs{ 

j.  Range:  2, 000nm-3, OOOnm i  and 

U.  STOL:  VSTOL (0-300ft. ) . 

This  design  represents  a  radical  departure  from  the 
"baseline"  C-130  and  its  large  wing  area  seems  to  contradict  the 
design  aim  of  a  low  radar  cross  section.  Interestingly,  it  is 
similar  in  appearance  to  the  do  Havi 1  land  Aircraft  of  Canada 
< DHC )  Supersonic  Short  Take-Off  and  Vertical  Land  fighter 
< SSTOVL )  ,  even  to  the  point  of  including  what  appear  to  be 
ejector-tvpe  lift  devices. 

SHORT  TAKE  OFF  AND  LAND  (STOL)  DESIGN. 

The  second  design  envisioned  by  Air  Force  planners  is  a  more 
con  ven  t  i  ona  1  -  1  ool<  i  ng  STOL  aircraft  [Figure  4-33.  Its  chief 
features  are: 

a.  Design  Gross  Weight:  190, OOOlbs. ; 

b.  Engines:  Coun t er r a t a t i ng  t u r bo -prop / Undue t ed  Fan  (UDF>; 

c.  Wing  area:  1700  sq  ft; 

d.  Aspect  ratio:  8; 
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capabilities  compare  very  favorably  with  CF  requirements, 


a.  Design  Gross  Weight:  200, OOOlbsi 

b.  Engines:  2  or  3  turboprop  or  turbofan; 

c.  Wing  area:  N  /  A ; 

d.  Aspect  ratio:  N/A; 

e.  Sweep:  N/A; 

f.  T/c:  n/a; 

g.  Cruise  speed:  N.8  at  sea  level;  and 

h.  Payload:  44 , 000-67 , OOO 1 bs ; 

i.  Range:  4,000nrn;  and 

j .  Mid-Mission  3T0L:  36,0001b.  payload  in  1,000ft  or  less. 

EUROPEAN  PROGRAM  PLANNING 

The  four  country  industry  consortium  of  Lockheed  (USA) ,  MBB 
(FRG),  Aerospatiale  (France),  and  British  Ae  ospace  (UK)  are 
collaborating  on  a  European  project  known  as  the  Future 
I nter nat i ona 1  Military  Airlifter  (FIMA).  Their  objective  is  to 
define  a  common  spec i f i cat i on  for  a  tactical  airlifter  for  the 
NATO  air  forces.  Compared  with  a  C-130,  FIMA  could  be  up  to  30 
percent  heavier,  and  deliver  "useful  payloads  over  long, 
unrefuelled  ranges:" 

a.  Design  Gross  Weight:  200 , 000- 230 , 000 1 bs . ; * 

b.  Engines:  3  turboprop  or  turbofan; 

c.  Wing  area:  N/A; 

d.  Aspect  ratio:  N/A; 

e.  Sweep:  N/A; 

f.  T/c:  n/a; 

g.  Cruise  speed:  M.7  -  M.8  at  sea  level; 

h.  Payload:  44 , 000-60 , 000 1 bs ; * 

i.  Range:  “Long,  unrefuel  led; “  and 

j.  Mid-Mission  ST0L:  "Better  than  C-130." 

If  Based  on  a  required  30%  improvement  over  the  C-130. 

RAF  require  better  ST0L  performance  than  the  C-130,  and  a 
minimum  of  3  engines  because  of  operations  in  a  high  tin  lj( 
environment.  The  augmentor -w i ng  technology  lends  itself  to  thi  » 
requirement.  Parametric  studies  of  3  [Figure  4-51  and  4-engined 
aircraft,  for  example,  have  been  conducted  utilizing  either 
Rolls  Royce  RB419  or  Pratt  &  Whitney  PW2037  engines.  Moreover  , 
the  engine-out  landing  and  t-,1  e-off  performance  of  the 
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augmen tor -wi ng  aircraft  commends  it,  above  all  competing 


technologies,  to  operations  in  a  potential  combat  environment. 
These  requirements  are  generally  consistent  with  Canada  and  the 


POWERED  LIFT  FOR  STOL 

United  States  Army  orders  for  Beaver,  Otter,  Twin-Otter,  and 
Caribou  STOL  aircraft  during  and  since  the  Korean  war  gave  De 
Havi 1  I  and  Canada  strong  scppor i  to  develop  its  special 
capability  in  producing  "rugged,  reliable,  easy  to  operate  and 
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STOL  aircraft.  The  Buffalo  was  also  designed 


for  the  U.S.  Army,  but  the  anticipated  large  sales3  were  a 
casualty  to  the  U.S.  Army  and  Air  Force  agreement  which  divided 
the  responsibility  for  fixed-wing  (USAF)  and  rotary-wing  (USA) 
a  i  r c  r  af  t . 

STOL  is  customarily  Known  to  offer  field  performance  at  the 
expense  of  cruise  performance.  Augmentor  Wing  powered  lift 
technology  diverts  propulsion  energy  to  augment  wing  lift  during 
takeoff  and  landing  permitting  STOL  aircraft  wings  to  be 
designed  with  little  to  no  penalty  to  cruise  performance. 
AUGMENTOR  WING  POWERED  LIFT 

The  augmentor -w i ng  is  an  internally  blown  system  which  has 
separate  control  over  the  propulsive  and  blowing  components  of 
thrust,  and  cross-duct i ng  [Figure  4-61  to  eliminate  roll  upset 
in  the  event  of  engine  failure  [Figure  4-71.  An  ejector  flap 
[Figure  4-81  generates  high  lift  which  is  particularly  important 
for  safe  and  comfortable  climb-out  with  one  engine  inoperative. 
The  thick  supercritical  wing  [Figure  4-91  is  the  other  key 
component  of  the  augmentor  wing. 
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which  was  the  s 
possible  to  acc 
failure  at  any 


is  is  ac hieved 


Sp  1  t  t  -t-1  uw  Spey  on  the  Buffalo  Augmentor  Wing  Research  Aircraft 
iAwRA),  and  again  in  planning  the  three-stream  RB4  1  9  engine 
turppfun  [Figure  4-101  and  turboprop  LFigure  4-111  to  power 
C-130-sized  aircraft.  Recently,  De  Havilland  and  Pratt  &. 
Whitney  joined  to  propose  a  derivative  C -  1 30  powered  by  two 
PW203-’  engines  [Figure  4-121.  Similar  collaborative  activities 
with  General  Electric  (GE)  are  not  known  to  the  author.  The  GE 
Unducted  Fan  (UDF)  could  be  used,  but  would  likely  require  an 
Auxilliary  Power  Unit  <APU),  or  other  external  source  of  bleed 


SUPERCRITICAL  WING 

A  major  secondary  benefit  accrues  from  the  continued  use  of  wing 
blowing  during  cruise.  Boundary  layer  control  from  the  blowing 
air  permits  thick  supercritical  wing  sections  to  be  flown  at 
high  subsonic  cruise  Mach  number .  Related  benefits  of  the  thick 

Q 

wing  are  high  lift  for  takeoff  without  leading-edge  devices, 
reduced  structural  weight  and  additional  space  for  fuel.  This 
translates  directly  into  improved  field  performance,  longer 
ranges  and  more  flexible  pa -/load/ range  combinations. 

AW  TECHNOLOGY  APPLICABILITY 

The  striking  feature  of  the  AW  technology  is  how  well  it 
meets  the  needs  of  the  air  forces  planning  new  tactical 
airlifters  and  special  operations  aircraft. 

a.  Design  Gross  Weight:  nominally  1 80 -230 , 000 1 bs ; 

b.  Engines:  2,  3  or  4  turboprop  or  turbofan; 

c.  Cruise  speed:  M.8  at  sea  level;  and 

d.  Payload:  44 , 000 -67 , 000 1 bs ; 

e.  Range:  4,000nm; 

f.  Mid-Mission  ST0L:  36,000ib.  payload  in  800-i,000ft; 

g .  VST0L :  paramet ric  studies  done  for  the  USN  show 
vertical  take-off  achievable  w i t h  a  tilt-wing  and 
excellent  productivity  using  a  short,  or  ramp  take-off 
and  vertical  landing. 

IV  Lt.Col.  J.E.  Mc  Gee  CF 


The  chief  perforiiiar.ee  benefits 


of  the  AW  technology  relate  to 


control  stability  (no  roll)  in  engine-out  case,  and  virtually  no 
Minimum  Control  Speed  Air  '^mCa'*  Safe  and  responsive  critical 
engine-out  qo-arour.d  [Figure  4-131,  without  raising  flaps,  and 
critical  engine-out  takeoffs.  The  thick  wing  provides  more  fuel 
capacity  with  greater  inherent  operational  flexibility  to 
interchange  payload  for  fuel  (range)  or  vice  versa,  high 
subsonic  cruise  Mach,  and  improved  lift  on  takeoff  without 
leading  edge  devices.  Routine  ground  rolls  would  be  in  the 
order  of  800  to  1, OOOf  t  [Figure  4-141  with  planned  pay  1 oad  s  and 
shorter  when  empty.  The  technology  can  be  extended  to  a 
tilt-wing  design  for  vertical  takeoff  and  landing  with  low  to 
moderate  risk  by  capitalizing  on  the  thick  wing  and  cross 
ducting.  The  engine-out  case,  field  performance,  cruise  and 
pay  1 oad / range  performance  technology  requirements  of  the  next 
generation  of  tactical  airlifters,  including  ATT  tx  FIMA,  are 
within  the  capabilities  of  the  Canad i an t DHC  powered  lift 
techno  1 ogy . 

SUMMARY 

The  Augmen t or - W i ng  Powered  Lift  technology  as  a  candidate 
advanced  tactical  transport  technology  affords  a  solution  to 
known  USAF ,  European,  Australian  and  Canadian  requirements. 
Marketing  surveys  conducted  under  the  auspices  of  the  Canadian 
Government  show  interest  in  a  number  of  other  countries.  The 
DHC  technology  affords  flexibility  in  choice  of  propulsion 
system  and  primary  mission  vehicle.  Parametric  studies  have 

O 

been  done  for  two,  three  and  four -engined  aircraft  ranging  fr  om 
a  re-winged,  re-engined  C-130  at  130,0001bs.  to  all  new  aircraft 
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Dritween  220,000  and  500, OOOlbs . 


While  the  strategic  ranged 


aircraft  will  be  briefly  revi ewed ,  the  tac  tical  airlift  projects 
of  interest  which  will  be  examined  in  succeeding  chapters  are: 

a.  Modified  C-130  technology  demonstrator; 

b.  Modified  C-130  production  aircraft  -  (C-130PL);  and 

c.  Mew  design  tactical  airlifter. 
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ROLL  UPSET  WITH  POWERED  LIFT 
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EFFICIENT  BLOWN  WING 

WITH  EJECTOR  FLAP  FOR  STOL 


(STATIC  THRUST  AUGMENTATION  APPROXIMATELY  1.5) 
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FIGURE  4-8 


SUPPRESSION  OF  FORM  DRAG 

DUE  TO  ANGLE  OF  ATTACK  AND  WING  THICKNESS 


CONVENTIONAL  SINGLE  FOIL 


IQUNDARY  LAYER 

SHOWS  WITH  INCREASING  AH6LE 

Of  ATTAC*  A  1HICRHESS 
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2k 


COMPOUND  AIRFOIL 


FIGURE  4-9 
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THRUST  MANAGEMENT  FOR  WAVE-OFF 


•  AU  ENGINES 

•  10%  POWER  um 

•  IIOWN  FLAP  FOR  HIGH  LIFT  |10W  SPEED) 

•  MODULATE  LIFT  AMO/OR  ORAS 

FOR  GLIOESIQPE  TRACKING 


KILL  FORWARD  THRUST  FOR 
SHIP  GRADIENT 
| VECTORED  THRUST  OR  VP  FAN| 


MINIMIZE 

HEIGHT 


ONE  ENGINE  OUT 
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MAXIMUM  POWER  ON  LIVE  ENGINE|S| 
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CHAPTER  V 


TECHNOLOG  Y  DEMONSTRATOR  AIRCRAFT 
U.S. /CANADA  DEVELOPMENT  SHARING  -  BACKGROUND 

This  chapter  assumes  an  eventual  US/Canada  collaborative 
program  Tor  a  flight  demonstrator  aircraft.  The  history  of 
U.S. /Canadian  defence  co-aperat ion  dates  back  to  1941  and  the 
Hyde  Park  Declaration  which  dealt  with  the  rnobization  of  each 
country’s  defense  industrial  base  to  support  the  war  effort.  In 
1963,  a  Ministerial  ''Memorandum  of  Understanding  in  the  Field  of 
Cooperative  Development,"  superseded  earlier  agreements  with  the 
in  dividual  U.S.  services.  This  change  was  precipitated  by  the 
transfer  of  large-scale  Research  arid  Development  (RED)  from  the 
Department  of  National  Defence  to  the  Department  of  Industry 
following  the  cancellation  of  the  CF-105  Arrow  fighter.1 

In  the  United  States  the  USAF  has  the  research,  development 
and  production  responsibilities  for  its  own  weapons  systems.  In 
Canada,  those  responsibilities  are  now  divided  between  the 
Department  of  National  Defence  (DND)  which  funds  a  minor  share 
of  RED  projects  in  support  of  its  defined  requirements,  and  the 
Department  of  Regional  Industrial  and  Economic  Expansion  (DRIE) 
which  sponsors  large  scale  national  RED  projects.  While  both 
departments  have  funded,  and  continue  to  fund,  augrnentor  wing 
research,  DPIE  is  responsible  to  lead  the  development  until  it 
meets  DND  spec i f i c a t i on s ,  at  which  time  DND  would  commit  funds 
for  its  portion  of  the  production.  Steps  are  in  progress  for 
the  Chief  Research  and  Develupi.  _  n  t  (CRAD)  within  DND  to  become 
more  active  in  defer. ce  research  arid  development  leading  to 
production,  an  d  in  Augrnentor  Wi  r.g  RED  in  particular  . 
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C-8B  BUFFALO  AUGMENTOR  WING  RESEARCH  AIRCRAFT  ( AWRA ) 


In  1970,  the  then  Department  of  Industry  and  the  National 
Aeronautics  and  Space  Administration  (NASA)  supported  a  De 
Haviliand  Aircraft  of  Canada  Limited  (DHC)  project  for  flight 
research  into  enhanced  Short  Take-Off  and  Land  (STOL)  through 
Augmentor  Wing  (AW)  technology.-  The  flight  research  vehicle 
was  a  DHC  C-8B  Buffalo.^  The  jet  engine  and  blown  augmentor 
flap  wing  modifications  were  completed  by  Boeing  in  Seattle. 
Flight  testing  was  at  NASA  Ames,  California,  with  a  brief 
follow-on  session  at  the  Mountain  Uieu  airfield  near  Canadian 
Forces  Base  Trenton,  Ontario.  That  early  research  verified  wind 
tunnel  data  and  proved  the  field  and  engine-out  performance 
enhancements  of  an  augmentor -wing  jet-engined  transport 
aircraft.  In  the  course  of  testing,  the  AWRA  has  been  flown  by 
representatives  of  all  US  services,  the  RAF,  CF  and  by  Canadian 
and  US  civilian  pilots  from  national  aerospace  agencies  and 
lndustr  /  (  L oc l  heed - Geor g i a )  .  The  handling  characteristics  are 

impressive  and,  perhaps,  best  repressed  by  an  RAF  test  pilot 
with  e  ..  tensive  experience  flying  transports  and  Harriers. 
Fallowing  his  third  sortie  he  began  experimenting  with  the 
controls  to  exploit  the  AURA ’ s  performance  potential.  His 
report  concluded  that  the  handling  character isitcia  were 
comparable  to  a  Harrier,  thus  he  was  very  comfortable  with  the 
aircraft  when  making  slow  opted  precision  landings,  approaches, 
go- arouids,  and  landings  with  a  s  i  mu  1  t  e  d  e  ngine  failure,  (  o . 


PHASE  A  STUDIES 


By  1981  the  AWRA  had  accumulated  data  from  over  700  hours  of 
test  -flying.  The  next  step  was  to  consolidate  the  technology 
and  determine  the  most  appropriate  mar  het  segment  on  which  to 
focus  -future  development.  Before  settling  on  the  C-130  sized 
aircraft,  parametric  studies  matched  the  AW  technology  with 
Short  Take  Off  and  Land  (STOL)  and  Vtr  t ical /Short  Take  Off  and 
Land  (VSTOL)  aircraft  in  a  variety  of  navg  and  air  force  roles: 
Carrier  On-Board  Delivery  (COD),  Antisubmarine  Warfare  (ASW), 
Airborne  Early  Warning  (AEW),  twin-engined  tactical  airlifters 
from  100,000  to  230,0001bs.  design  gross  weight,  and  three  and 
four  engined  aircraft  weighing  up  to  500, OOOlbs  (including  AW 
versions  of  tin-  Y  C  -  1  4  and  Y  C - 1 5  >  .  While  the  AW  technology 
proved  to  be  compatible  with  all  of  these,  De  Havilland’s 
business  decision  was  that  the  biggest  potential  market,  and  the 
greatest  immediate  interest,  lay  in  the  C-130-sized  tactical 
air  lifter.  This  conclusion  was  consistent  with  Canadian  Forets 


requirements  for  more  intra-thezter  aircraft  capable  of  lifting 

over-sized  cargo  over  strategic  ranges: 

"Further,  Canada's  reirdorcc-ment  capability  with  respect 
to  our  Eu  ropc-an -based  and  -assigned  forces  is  clearly 

<5 

inadequate. “ 

Market  surveys  by  the  Canadian  Government  arid  De  Havi  1  land 
and  specialist  consultants  have  shown  the  viability  of  an 

Au  grnen  t  or  Wing  follow-on  to  the  C-130,  as  well  as  to  a  range  of 

other  aircraft  applications.  Diaui-.aioru  with  potential 

industrial  p  a  r  t n  e  r  s  have  received  c  uu  r  t  e  ou  ,  but  cautious 
responses,  in  a  fiscal  climate  wh  i  <  t.  Joes  not  set  m  read,  to 
suppor  t  the  new  ”  a  p  p  r  o  v  «-•  d  “  C.  1  ’’  strategic  a  i  r  1  ;  f  t  e  r  let  a  1  o  r  i  e  a 
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new  tactical  air  1  i f ter . 


Loc k heed -Georg i a  which  has  had  a 


Memorandum  of  Understanding  with  De  Havi  1  land  for  the  exchange 
of  data  on  this  technology  has  felt,  perhaps,  the  greatest  need 
for  caution  in  this  area  because  of  its  successful  windfall  sale 
of  C-5Bs  as  an  unexpected  prelude  to  the  C- 17  start  up.  Vet, 
Lockheed  could  have  the  most  to  gain  with  the  potential  to 
appeal  to  the  widest  possible  customer  base  through  retrofit  of 
current  C-130s,  new  sales  of  C-130s  modified  on  the  production 
line  and  an  all-new  design  Advanced  Tactical  Transport.  Of 
course,  it  is  not  essential  that  Lockheed  be  involved  in  either 
the  retrofit  or  the  new -design  projects. 

PHASE-  B  STUDIES 


During  Phase  B,  a  l 


and  engine  con  f  i  gur  at  i  on  arid  systems 


design  will  be  finalized.  Drawings  produced  in  this  phase  will 
be  sufficiently  detailed  to  permit  demonstrator  aircraft  to  tc 
bu i 1 t-to-pr int ,  once  the  go-ahead  is  given  for  Phase  C.  The 
scope  of  Phase  B  will  include: 

a  .  Internal  and  e  ■<  t  e  r  n  a  1  con  figuration  si 

b.  Systems  and  flight  controls; 

c.  Development  of  t  h  r  ee  -  s  t  r  earn  version  of  the  PW2C37; 

d.  Nacelle,  pylon  and  engine  installation  definition; 

e.  Wind  tunnel  testing  of  C -  1 30  demonstrator  c o n f  i gu r a t i o r  i  ; 

f.  Performance  target  c  on  f  l  r  ma  t  i  on  ; 

g.  Development  of  specific  hardware  components 

(  e  .  g  .  ,  flap,  nozzle  and  ducting); 

Phase  D  is  an  18  month  program  of  joint  airframe  and  engine 
design  and  development.  The  cost  of  the  development  work 
p  r  ep  a  r  a  t  or  y  to  the  conversion  of  a  d  err, on  s  t  r  a  t  o  r  is  estimated  at 
*  1  “>  M  for  the  sirfrji.t-  arid  f>  2  S  M  f  oi  the  engines  (  19ii  Canadian 
d  o  1  1  a  r  s  ) 
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PHASE  C  -  DEMONSTRATOR  CONVERSION 

Phase  C  will  comprise  the  conversion  and  flight  evaluation  of 
the  demons t r at  or .  Two  hundred  hours  are  planned  for  flight 
testing. 

Rolls  Royce  Demonstrator  Engine 

Rolls  Royce  Canada  co 1 1 abor at i on  with  De  Havilland  culminated 
in  a  1934  proposal  to  develop  an  engine  for  the  demonstrator  iKB 
419-03),  combining  the  Spey  202  core  with  an  Allison  TF41 
intermediate  compressor.  An  RB419  powered  demonstrator  would 
show  performance  advantages  over  the  C-130  in  cruise  (M.7), 
field  performance  (T/0  and  Landings  in  < 1000ft),  and  full 
payload  range  (approximately  2,5O0nm).  Rolls  Royce  also  offered 
a  turboprop  version  of  its  RB  419  with  a  somewhat  slower  cruise 
speed  in  the  order  of  M.6  or  M.7.  Rolls  Royce  completed  their 
program  proposal  in  1984.  A  Rolls  Royce  powered  augmentor  wing 
aircraf'  might  have  particularly  strong  appeal  to  the  RAF  and 


the  European  consortium.  While  the  proposal  for  a  demonstrator 
was  based  on  a  twin-engined  aircraft,  the  technology  permits  a 
production  aircraft  being  powered  with  3  or  4  turbofan  or 
turboprop  engines,  if  required. 

Pratt  L  Whitney  Demonstrator  Engine 

The  USAF  team  which  audited  the  AW  technology  recommended  De 
Havilland  consider  US  engine  manufacturers  as  potential 
partners.  Pratt  L  Whitney  were  first  oft  the  mark  and  proposed 
a  derivative  of  their  PW2037  engine  [Figure  5-11  which  is 
currently  in  airline  service  with  a  military  version  slated  for 


the  C-17.  The  commercial  PW203^  is  proving  to  be  a  highly 
reliable  engine,  and  the  military  version  is  expected  to  be 
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Pratt  L  Whitney  eut  miute  that  l  tie  AW  engine 


would  tave  30%  compatabi  1  itv  with  the  C-l-7  [Figure  5-21.  Sinea 
t  Pi  e  PW2C3*7  powered  AW  C-130  [Figure  5-31  met  the  requirements  of 
the  U3AF  technology  audit  team,  it  was  selected  as  the  baseline 
tor  the  demonstrator  program  [Figure  5  •••11. 

PHASE  C  -  PROGRAM  AND  COSTS 

The  Phase  C  Demonstrator  Program  would  cover  a  30  month 
period.  The  costs  arc-  estimated  at  S.90N  for  the  airframe 
mod  i  t  i  c  a  t  ion,  assemfc  1/  and  contractor-  flight  trials,  $7QM  tor 
three  experimental  flight  engines,  S14M  for  a  basic  C-130 
airframe,  and  S16M  for  flight  trials  at  a  government  facility, 
for  a  total  of  S190M  (US  1986).  A  program  cost  in  the  order  of 
S200M,  or  SIOOM  per  partner,  is  not  excessive  in  the  aerospace 
industry;  however,  even  this  cost  could  be  reduced  further 
through  the  provision  of  existing  hardware  and  facilities:  a 
used  C-130E,  test  facilities  at  Edwards  Air  Force  Base,  Canadian 
For ces  Base  Cold  Lake,  NASA  Lewis,  NASA  Ames,  and  Arnold 
Engineering  Development  Center,  for  example. 

SUMMAPY 

The  AW  Demonstrator  project  is  a  means  of  proving  the  concept 
with  a  flight  vehicle  which  is  well  Known  to  and  respected  by 
tactical  airlift  operators,  and  which  approximates  the 
characteristics  envisaged  in  an  Advanced  Tactical  Transport 
(ATT).  It  is  not  intended  that  a  demonstrator  would  freeze  the 
design  for  any  particular  developmental  or  production  aircraft. 
The  AW  demoristrator  program  hi  as  these  unique  features.  First, 
it  could  be-  bypassed  since  the  technology  is  sufficiently  mature 
to  proceed  directly  to  product  ion  -model  prototyping  of  inventory 
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or  assembly  line  C  -  130s,  or  a  new  design.  becotid,  the 


demonstrator  could  preceed  the  retrofit  or  assembly  line  C-130 


modifications,  or  a  new  design  airlifter  program.  Third,  the 


demonstrator  could  be  used  to  extend  the  Augmentor  Wing  Advanced 


technology  into  the  Vertical  Short  TaLe-Off  and  Land  (VSTOL)  or 


Short  Take  Off  and  Vertical  Land  (STOVL)  regimes. 


Until  a  decision  is  taken  for  a  production  model  Augmentor 


Wing  airlifter,  a  demonstrator  program  should  be  pursued  as  a 


priority  means  of  exploiting  the  technology  while  awaiting  the 


proper  climate  to  fund  development  and  production.  The  Canadian 


offer  to  underwrite  fifty  percent  of  the  S200M  cost  of  a 


demonstrator  program  should  commend  itself  to  the  USAF ,  OQD,  and 


to  the  Congress  each  of  whom  will  face  increasing  fiscal 


pressure-,  hence  difficulty  funding  the  many  defense  projects 


competing  for  scarce  capital.  Moreover  the  opportunity  to  share 


the  cost  of  a  major  defense  production  program  with  a  single 


partner,or  coalition,  in  the  near-term  should  be  an  attractive 


alternative  to  the  potential  for  indefinite  program  deferral  if 


relying  on  purely  national  prior  i ties  and  domestic  funding.  The 


time  for  a  joint  program  is  now, 
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CHAPTER  V 


United  States-Canada  Defence  Development  Sharing  Program 


and  United States-CanaJa  Defense  Production  Sharin 


External  Affairs  Canada  pamphlets  explaining  the  historical 
authority  and  current  United  States  policies  and  mechanisms  for 
joint  development  and  production.  For  more  on  the  CF-105  Arrow 
see  footnote  9  at  Chapter  I. 

'"DHC  has  earned  a  reputation  for  producing  world  class  ST uL 
aircraft  highly  suited  for  tactical  airlift  and  special 
operations.  It  is  natural  that  they  would  strive  to  develop  a 
technology  combining  the  jet  engine,  and  high  speed  cruise 
performance  with  STOL  to  enhance  productivity  and 
cost -effect i veness. 

■^Developed  for  the  United  States  Army  as  a  follow-on  to  the 
C-y  Caribou,  a  large  sale  of  these  aircraft  to  the  Army  was 
about  to  be  concluded  when  the  deal  fell  victim  to  the  United 
States  Army/United  States  Air  Force  agreement  which  allocated 
rotary-winged  aircraft  to  the  Arm;  and  fixed-wing  aircraft  to 
the  Air  Force. 

a 

Flight  Lieutenant  T.  Brown,  RAF  from  Boscombe  Down  in  a 
report  on  his  five  sorties  in  the  AUIRA  in  1932. 

^Thomas  d  ’  Aquino.  “National  and  International  Security  --  A 
Forgotten  Priority:  A  Business  Council  Perspective  on  Canadian 
Cefence  Policy,"  From  the  text  of  an  Address  to  the  Conference 
of  Defence  Associations,  Ottawa,  January  10,  1985,  p.  5. 
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Powered  Lift  Provides  Significantly  Enhanced 


New  Au 


CHAPTER  VI 


FUTURE  DEVELOPMENTAL  AND  PRODUCTION  PROGRAMS 

"To  meet  our  airlift  objectives,  we  must  improve  our 
existing  airlift  forces  as  well  as  acquire  additional 
lift  c  ap  ac i t y .  “ 1 

C -  1 30  RETROFIT  L  PRODUCTION  PROGRAMS 
Secretary  Weinberger’s  guidance  has  profound  implications 
when  considering  the  quantum  operational  and  economic  benefits 
which  could  accrue  from  the  application  of  Augmentor  Wing  (AW) 
technology.  The  demonstrator-  program  discussed  at  Chapter  V 
could  be  vi ewed  as  a  decision  node  leading  to  op tional  means  of 
producing  operational  variants.  One  branch  would  lead  to 
program  termination  if  the  technology  or  other  factors  precluded 
development.  One  branch  would  lead  to  a  program  to  retrofit 
operational  C-130s.  One  branch  would  lead  to  a  program  to 
manufacture  Augmentor  Wing  C-l30s  from  the  ground  up  on  the 
assembly  line  at  Lac  l<  heed -Gear  g  i  a .  One  branch  would  lead  to  an 
Advanced  Tactical  Transport.  Any  decision  to  proceed  could,  in 
time,  lead  to  each  of  the  other-  programs  becoming  economically 
and  operationally  viable.  For  now  let  us  consider  the 
production  line  version  of  the  Augmentor  Wing  C-130  referred  to 
as  the  "C-130  PL"  by  De  Havilland. 

PREDICTED  PRODUCTION  RUN  CONVERSION  COSTS 

Cost  data  for  a  production  run  of  the  PW3037  powered  version 
of  the  C-130  PL  will  be  considered  representative  of  the  RE419 
var  iant.  Similarly,  the  cost  of  a  retrofit  con  version  arid  a 
production  line'  C-130  PL,  or  Tran  sail,  tv  ill  be  considered  to  be 
the  same.  While  this  approach  rna>  oversimplify  cost  and  timing 
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PAYLOAD  -  RANGE 


C-130PL  WITH  TWO  PW2037  3-STREAM  DERIVATIVE  ENGINES 
COMPARED  WITH  STANDARD  C-130H 

LATEST  TACTICAL  ASSAULT  AIRLIFTER  EQUIPMENT  ADDED 


PAYLOAD 
-  1000  LB 


VARATION  IN  PUBLISHED  DATA 


FOR  C  130H  (W- 155,000  LBI 


2  3  4 

RANGE  -  1000  NM 


FIGURE  6-1 


>»v 


1500 


C-130PL  WITH  PW  3-STREAM  DERIVATIVE  ENGINE 
LIFT-OFF  SPEEDS 

D.B 


WEIGHT  «  10  '3  [ LB) 


conatdtratlona,  thara  should  bs  raaaonabla  confidence  in  the 
aatinataa  glvsn. 

Following  completion  of  ths  Phaaa  C  Demonatrator  program  a 
Full  Seals  Development  (FSD)  through  Federal  Aviation  Agency 
(FAA)  Certification  of  the  PW2037  will  take  42  months  and  cost 
•200M  (1986  US).  Delivery  of  production  engines  could  begin 
three  months  after  FAA  Certif icat ion.  The  predicted  costs  of 
converting  C-130s  to  the  augmentor  wing  and  engines,  in 
production  runs  of  SO  to  300,  are  shown  below. 

PREDICTED  CONVERSION  COST  TABLE  <9M  U.S  1986). 

tt-QE . A/.C _ 2fi _ Lfifl _ 

AIRFRAME  6.0  4.9  4.6  4.3 

ENGINES  ZU2 _ SLjlQ _ Zx3 _ 2^2. 

TOTAL  914.2M  S12.9M  S12.SM  S12.2M  per  aircraft. 

Of»the  1800-plus  C-130s  which  have  been  built,  the  "... 

.  # 

"A"  models  will  be  able  to  remain  in  service  through  the 
mid-1990s,  and  the  later  models  into  the  next  century.*2  Not 
all  1800  remain  in  service  and  more  will  have  been  retired  by 
the  time  a  production  engine  could  be  developed.  There  is  a 
saying  that  the  only  replacement  for  a  C-130  is  a  new  C-130, 
thus  it  is  likely  that  the  numbers  of  operational  C-130s  will 
not  diminish  much  below  current  levels.  Observing  also  that  the 
RFP  initially  calls  up  only  300  new  tactical  airllfters  (of  the 
S18  identified  by  Secretary  of  Defense  in  the  tactical  airlift 
role):  the  remainder  are  Augmentor  Wing  retrofit  modification 
candidates.  In  this  era  of  exceptional  fiscal  constraint, 
conversion  may  be  the  only  possible  means  of  getting  significant 
operational  Improvements  into  the  tactical  airlift  and  special 
operations  fleets.  Certainly,  for  a  variety  of  reasons,  some 
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CHAPTER  VII 


FIGHTER  AND  PILOT  TRAINER  DEVELOPMENT 

The  thesis  of  this  paper  is,  primarily,  to  show  the  benefits 
of  augmentor  wing  technology  to  the  development  of  new  military 
airlifters.  But  the  technology  has  other  applications:  a  brief 
examination  of  which  will  afford  the  reader  a  more  thorough 
understand i ng  of  the  versatility  of  the  technology,  and  the 
extent  of  the  research  and  development  work  which  has  been 
initiated  by  De  Havilland  Canada  and  supported  by  Canadian  and 
United  States  government  agencies.  Specifically,  analytical  and 
experimental  studies  of  Supersonic  Short  Take  Off  Vertical  Land 
(SSTOVL)  Fighters  and  transonic  pilot  trainers  will  be  briefly 
reported  on  in  this  chapter. 

SUPERSONIC  SHORT  TAKE-OFF  VERTICAL  LAND  (SSTOVL)  FIGHTER 
DEVELOPMENT. 

On  October  22,  1985  the  United  States’  National  Aeronautics 

and  Space  Administration  (NASA)  and  the  Canadian  Department  of 
Regional  Industrial  Expansion  (DRIE)  signed  a  cooperative 
agr eemen t  for  an  Ejector  Lift/Vectored  Thrust  (EL/VT)  aircraft 
research  project.  This  is  the  latest  in  a  series  of  agreements 
between  NASA  Ames  and  the  Canadian  Government  [Department  of 
National  Defence  (DND),  and  DRIE1  spanning  a  decade  of  joint 
research  and  wind-tunnel  testing  of  half-scale  models  of  generic 
Short  Take-Off  Vertical  Land  (STOVL)  fighter  aircraft.  De 
Havilland  Aircraft  of  Canada  Limited  (DHC5  is  responsible  for 
the  research  which  is  a  natural  extension  of  their  earlier  work. 

De  Havilland  will  develop  the  concept,  manufacture  the  model 
and  integrate  the  powerplant  and  lift  system  into  it.  NASA  will 
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wind-tunnel  tests  in  tne  Full  Scale  Aerodynamics  Complex  at  the 
NASA  Ames  Research  Center.  NASA  has  given  this  project  a  high 
priority  in  its  examination  of  Advanced  STOVL  technologies 
scheduled  tor  completion  in  1988. 

De  Havilland  has  developed  expertise  in  -fixed  wing  aircraft 
hovering  and  in  transition  to  conventional  forward  flight  at 
speeds  up  to  150  knots.  For  the  synthesis  of  their  STOVL 
technology  with  high  performance  transonic  and  supersonic 
technology  they  have  collaborated  with  the  United  States 
aircraft  industry.  General  Dynamics  E-7  [Figure  7-13  concept 
uses  De  Havilland  EL/VT  technology*  and  De  Havilland  continues 
to  work  with  NASA  and  General  Dynamics. 

THE  OPERATIONAL  UTILITY  OF  SHORT  TAKE  OFF  /VERTICAL  LAND  (STOV/LJ 

The  utility  of  STOVL  was  proven  by  the  Harrier  during  the 
1982  Falklands  Conflict.  The  inherent  design  character i st ics 
needed  for  STOVL  in  a  fixed-wir.g  aircraft,  such  as  Vectoring  in 
Forward  Flight  ("VIFFing")  translate  into  high  combat  agility. 
Most  of  the  engagements  between  combatants  were  at  high  speed 
(550Kts)  and  at  low  level  (between  50  and  500  feet  above  the 
terrain  or  the  sea).'  High  G  and  rapid 

acceleration/deceleration  manoeuvres  in  this  essentially 
horizontal  plane  opened  a  new  chapter  on  aerial  combat  tactics. 

Tactical  agility  is  a  powerful  bonus  to  the  current  main 
motivation  behind  the  dev  e  1  opi,.-.,  t  at  STOVL  fighters:  off-base 
operations.  The  elimination  of  the  conventional  dependency  on 


inherently  vulnerable  runways 


3 


and  launching  or  recovery  aids 


enhances  the  flexibility  of  air  operations  and  increases  force 
survi vab i 1 ty . 4  STOVL  aircraft  can  be  quickly  and  economically 
repositioned,  concealed  from  attack,  or  launched  against  the 
threat.  With  thrust  to  weight  ratios  of  1:1,  Harrier  experience 
has  shown  that  vertical  take-off  is  most  frequently  used  for 
repositioning  aircraft  at  lighter  weights,  and  short  take-off 
<1200’  ground  roll)  is  preferred  for  combat  weights.  A 
supersonic  fighter  would  likely  be  employed  in  the  same  way: 
short  take-off  and  vertical  land. 

Short  take-off  is  not  a  critical  problem  for  most 
Conventional  Take  Off  and  Land  (CTOL>  fighters;  however ,  the 
high  energy  levels  make  short  field  landings  difficult. 

Vertical  landing  capability  greatly  increases  the  likelihood  of 
recovering  aircraft  when  airfields  are  denied  due  to  combat  or 
weather.  Where  runways  have  sustained  damage,  the  flexibility 
of  shor t / ver t i ca 1  take-off  and  landing  permit  air  operations 
when  they  would  otherwise  be  impossible.  In  NATO  Europe  this 
could  be  a  crucial  factor.  Extremely  slow  speed  approaches  to 
vertical  landings  increase  the  likelihood  of  safe  aircraft 
recovery  regardless  of  weather  conditions.  A  direct  operational 
benefit  is  a  reduction  in  fuel  margins  leaving  more  fuel  for 
combat.  Other  benefits  include,  independence  of  wind  direction 
and  runway  friction,  owni -directional  non -p rec 1 s i on  approaches, 
and  the  STOVL  aircraft  can  slow  down  and/or  stop  in  flight  if 

5 

requ i red . 

The  reinforcement  of  central  Europe  by  tactical  fighters  will 
very  likely  tax  the  ability  of  host  bases  to  accommodate  them 
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and  to  provide  for  their  security  under  attack.  As  reported  by 


Michael  Gordon,  base  availability  was  of  fundamental  concern  in 
that  segment  of  the  Long  Term  Defense  Plan  which  dealt  with 
United  States  reinforcement  of  Europe.  The  1,500  committed 
aircraft  could  not  be  accommodated  at  the  25  U.S.  airfields. 

The  plan  to  disperse  them  over  more  than  70  Co-located  Qperat i ng 
Bases  (COBs)  has  tactical  and  protective  value.  It  also  has 
associated  cost:  The  fiscal  cost  of  shelters  for  the  aircraft 

and  the  tactical  cost  of  dependency  an  those  airfields  for  not 
only  support  but  survi vabi lit/.6  STOVL  aircraft  which  are  more 
readily  camouflaged  and  hidden  off  base  have  inherent  survival 
capability  not  found  in  conventional  aircraft.  Moreover, 
European  weather  and  airspace  saturation  pose  additional  threats 
to  the  timely  deployment  of  rapid  reactor  and  reinforcemerit 
aircraft  from  North  America.  STOVL  aircraft  capable  of  very 
slow  or  vertical  approaches  are  more  likely  to  arrive  at  planned 
destinations  on  time. 

Off-base  operations  permit  supporting  the  army  with  aircraft 
just  a  few  miles  (18-20)  behind  the  lines.  The  resultant 
enhanced  reaction  time  and  target  selection  increase  the 
effectiveness  of  close  air  support. 

Sea-borne  operations  are  similarly  enhanced.  STGVL  permits 
safer  operations  from  smaller,  less  complicated  ships  in  weather 
and  sea  sfates  which  would  preclude  con  ven  t  i  ona  1  carrier 
aircraft  operations.'^  However  ,  STOVL  of  itself  does  not 
restrict  or  limit  t  fie  size  of  sn  i  a .  Indeed,  it  enhances  large 
cari  ler  operations.  For  exampl  ,  GTOVL  also  affords  naval 
archi tec  ts  the  flexibility  of  designing  more  combat 
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effectiveness  into  the  largest  of  nuclear  attack  carriers  by 
replacing  the  space  used  for  arrestor  gear  and  catapaults  with 
fuel  and  ammunition,  and  freeing  more  of  the  flight  deck  for 
aircraft,  additional  squadrons  can  be  embarked. 

ADVANCED  TACTICAL  FIGHTER  ( ATF )  REQUIREMENTS 

While  little  specific  data  will  be  listed  here  on  individual 
fighter  requirements,  all  nations  are  seeking  greater  agility 
for  air  fighting  and  threat  avoidance,  longer  range  and  more 
survivability.  Larger  and  more  sophisticated  electronics 
coun termeasures  packages  and  improved  weapons  payloads  will  be 
expected. 

USAF  sponsored  research  for  improvements  in  F-15s  and  F-16s 

suggest  the  next  (advanced)  fighter  will  be  highly 

manoeuver ab 1 e ,  with  2-D  vectoring  nozzles  a  la  F-1S  STOL,  have 

at  least  twice  the  tactical  range  of  the  F-15  (with  a 

transatlantic  ferry  range),  and  will  likely  be  twin  engined 

aircraft  capable  of  supersonic  flight  (M  1.5)  in  basic  engine. 

Field  performance  will  mark  a  mi,  j  or  change:  takeoffs  and 

landings  in  2,000  feet  field  length  far  continued  operations 

from  bombed  runways.  ( De  Havi 1  land  studies  show  their 

supersonic  fighter  to  be  capable  of  a  take-off  ground  roll  of 

500  feet  or  less  at  mission  weights,  and  vertical  landing. 

Vertical  take-off  would  also  be  possible  at  lighter  weights.) 

FUTURE  DE  HAVILLAND  EJECTOR  LIFT /VECTORED  THRUST  (EL/VT) 
TECHNOLOGY 


De  Havi  1  land  and  NASA  will  be  conducting  wind  tunnel  tests 
and  flight  simulation  trials  of  the  General  Dynamics/De 
Havi  l  land  E-7  conf  i  gur  at  i  or.  .  The  Canadian  Department  of 
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a  1/4  scale  model  of  an  SSTOVL  for  test  in  the  National 
Aeronautics  Establishment  (MAE)  30  x  30  ft.  tunnel  in  Ottawa. 

DND  and  NASA  are  also  cooperating  on  low  speed  testing  of  an 
existing  large  scale  model  tFigure  7-21.  Data  from  these  tests 
will  be  used  in  the  full  scale  test  being  jointly  funded  by  the 
Canadian  Department  of  Regional  Industrial  Expansion  (DRIE)  arid 
NASA.  Results  of  the  full  scale  testing  in  the  NASA  80  x  120 
ft.  wind  tunnel  will  provide  aerodynamic  and  stability 
derivative  d  ...  t  a  for  flight  simulation.  This  will  then  lead  to 
trials  "using  the  large-scale  moving  base  flight  simulation 

Q 

facilities  at  the  NASA  Ames  Research  Center." 

ADVANCED  SHORT  TAKE  OFF  VERTICAL  LANDING  (ASTOVL)  COMBAT 
AIRCRAFT 

This  joint  work  with  NASA  is  aimed  towards  the  selection  of  a 
technology  cont igirat ion  for  the  Advanced  Short  Takeoff 
Vertical  Land  (ASTOVL)  combat  aircraft  program.  Its  objective 
is  to  seek  a  replacement  for  the  AV8B  Harrier  in  the  UK  and  U.S. 
inventories.  “In  Britain,  ASTOVL  is  seen  as  the  follow-on  to 
the  .  .  .  Sea  Harrier.  In  the  USA ,  ASTOVL  would  be  ti med  to 

follow  the  Advanced  Tactical  Fighter  (ATF)  as  the  F-16  followed 
the  F-15.  While  the  ATF  is  several  years  behind  the  European 
program,  the  ATF  and  ASTOVL  schedules  would  probably  overlap  . 

•  Since  the  foundation  already  ex.sts  for  a  joint  US/UK 

ASTOVL  cooperative  program,  the  US/Canadian  co 1 1 aborat i on 
provides  the  opportunity  to  broaden  its  base.  Particularly  if 
the  EL/VT  technology  is  chosen  for  ASTOVL,  it  would  be  a 
powerful  incentive  for  DND  to  participate  in  a  reasonably  large 
production  run  and  rebuild  its  fighter  force. 
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ADVANCED  TRAINER  EMPLOYING  EJECTOR  LH  f /VECTORED  THRUCl  (EL/Vli 


Thfe  Cdnadian  Forces  (  C  F  )  have  e .  pressed  irittrest  in  a  ri  EL/VT 
advanced  trainer  -tor  pilots  in  the  ui.dcr  graduate  arid 
postgraduate  fighter  training  stream.  With  the  retirement  of 
the  last  of  the  CF  century  series  fighters,  planning  is  in 
progress  to  optimize  the  training  towards  the  CF-13A.  The  new 
advanced  trainer  should  be  highly  agile,  accustom  pilots  to  the 
rapid  onset  of  G,  have  an  inherent  weapons  capability,  and  land 
in  the  same  speed  range  as  the  CF-18  (125  Kts).  Whereas  CF 

basic  pilot  training  is  conducted  side-by-side,  the  advanced 
trainer  should  have  tandem  seating  [Figure  7-33.  A  simplified, 
unarmed  version  of  the  aircraft  would  be  used  for  undergraduate 
training.  An  armed  version  would  be  used  for  postgraduate 
training.  The  aircraft  would  be  capable  of  in-flight 
refuel  1  ing. 

Advanced  manoevering  and  aircraft  trim  authority  from  the 
powered  lift  system  would  be  realized  from  the  takeoff  rotation 
through  landing.  Direct  Lift  Control  (DCL)  systems  examined 
included  the  F-lll  Advanced  Fighter  Technology  Integration 
(AFTI),  F-15  Agile  Eagle,  F-16  rnanoeuvering  flaps  to  increase 
wing  camber,  and  the  AV-8B  Harrier  Vectoring  in  Forward  Flight 
(VIFFing).  Direct  Drag  Control  (DDC)  to  give  the  pilot  full 
control  over  acceleration  and  deceleration  was  also  examined. 

In  addition  to  the  conventional  means  of  deceleration  thrust 
reversal  (Agile  Eagle),  pylon  split  flap  (Alpha  Jet)  and,  again, 
VIFFing  were  evaluated.  Direct  Side  Force  Control  provides  new 
manoeuvres  such  as  lateral  translation  or  “sidestep"  (yaw 
pointing),  and  the  Wings  Level  Turn  (WLT)  or  Flat  Turn 
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rrur.Qt-iwre  u  :  t  h  minimal  sideslip  (which  virtually  eliminates  the 
tender,  c.  tar  a  rolling  rnornen  t  to  be  developed).  Agility  f  r  am 
an  or  all  of  these  concepts  would  be  val  uab  le  -for  target 
acquisition  and/or  evasion.  The  landing  approach  co  irf  i  gurat  ion 
would  t.  a  -  •-  a  much  reduced  approach  speed  -for  a  given  weight  and 
w  1  r,  g  area,  vet  go-arour.d  performance  is  greatly  improved. 

T  he  stud  air  craft  would  be  capable  of  supersonic  operations 
leu  . t  r  than  tt.e  C  F  -  D  ,  for  example,  since  it  would  reach  M  1.2 
i-  t.jsic  engine.  At  a  sustained  manoevering  speed  of  M  1.4, 
fuel  car.  sumption  would  be  less  than  20  percent  of  the  F-5. 

This  initial  worl;  holds  pr  om  lse  for  an  advanced  trainer  which 
would  prepare  pilots  to  fly  and  fight  the  modern  agile  fighters 
w  h  i  c  V  will  be  in-service  at  the  turr,  of  t  h  e  century, 
v  mMM.'.P 

Tl  i‘.  brief  review  of  fighter  and  trainer  technology  was  to  • 

‘Hit 

show  th«-  depth  of  the  De  Havilland  research  on  augmentor  and 

eject  or  tech,  no  log,,  and  to  reaffirm  that  the  "  .  .  .  family  of 

ejector  concepts  [is]  based  on  original  research  by  de  Havi 1  land 

'•  •'■■'I*,  a  n  d  indirectly  traceable  to  DHC  ’  s  Augrnen  tor  Wing  Buffalo 

test  aircraft.  It  h.a_>  also  shown  the  agility  and 

s  u  r  .  i  , ab i  1  j  t  •  of  a  SvTOVL  fighter  which  has  the  flexibility  of 

operjati-g  from  minimal  1.'  prepared  short  surfaces. 

"It  is  vital  to  remember  here  that  we  are  describing 
a  'survival  to  operate’  c  ap  abi  1  i  t  y  . 

British  Aerospace  has  taken  a  c  omman  d i n  g  1 ead  in  the 

development  of  STOVL.  The  Harr  ;er  has  proven  itself  and  the 
concept  in  combat.  Ironically,  large  sums  are  being  spent  to 
develop  agile  versions  of  ronvent lonal  combat  aircraft  when  the 

cert 

•w—  w- 

Harrier  h  as  already  led  the  wav  in  flight  agility.  The  next  •  '* 
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threshold  tor  STOVL  is  the  attainment  of  supersonic  speeds.  The 
De  Havilland  Ejector  Lift  technology  combined  with  British 
Aerospace's  Vectored  Thrust  appears  to  be  a  logical  synthesis  of 
two  powerful  concepts  which  should  be  part  of  ATF  and  A/STOVL. 
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CONCLUSIONS 


"Air  power  is  becoming  increasingly  expensive,  and 
i f  these  costs  are  not  to  impose  a  crippling  limitation 
on  the  development  of  -future  weapons  systems  they  must  be 
balanced  by  corresponding  improvements  in  effectiveness. ^ 

When  those  words  were-  written  a  year  and  a  half  ago,  the 

author  was  contemplating  the  rising  cost  of  aerospace  products 

where  inflation  had  outpaced  other  commodities  by  significant 

margins.  The  resulting  high  costs  were  impacting  defense 

budgets.  Since  then,  the  United  States  defense  budget  has  been 

threatened  by  domestic  fiscal  reality  through  a  congressional 

act  given  the  name  of  its  three  drafters: 

Gr amm- Rudmann -Ho  1 1 i ngs .  Now,  bold  and  imaginative  steps  are 
needed  to  continue  force  modernization.  One  means  of  stretching 
out  the  available  development  dollars  is  to  enter  into  joint 
research,  development  and  production  programs.  This  paper  has 
discussed  the  Canadian  proposal  for  a  50/50  cost  sharing  in  an 
Advanced  Tactical  Transport  (ATT)  demonstrator  aircraft  program 
using  the  Augmentor  Wing  technology,  and  interest  in  the  shared 
development  and  production  of  the  Advanced  Tactical  Transport 
Itself.  Capitalizing  on  other  current  U.S. /Canada  joint 
research  projects  in  Ejector  Lift /Vectored  Thrust  (EL/VT) 
technology  could  result  in  U.S. /Canada  development  and 
production  of  the  Advanced  Tactical  Fighter  (ATF), 

Ad  vane  ed  /  Shor  t  Tal<e  Off  Vertical  Land  (A/STOVL)  aircraft,  and  an 
advanced  pilot  trainer.  There  are  compelling  operational 
reasons  to  upgrade  this  research  into  production  programs.  Now, 
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OPERATIONAL  ADVANTAGES 


Payload/range  and  speed  flexibility  of  an  Augmeritor  Wing 
aircraft  which  has  virtually  no  Minimum  Control  Speed  Air  j^mca* 
opens  new  possibilities  for  air  land  and  air  drop  delivery. 

LAPES  at  65-80  knots  would  improve  accuracy  and  the  condition  of 
the  load  upon  arrival,  and  the  quick  response  to  throttle 
movement  would  facilitate  a  high  rate  of  climb,  high  speed 
egress  from  the  low  level  threat  environment.  Requiring  only  a 
1000  foot  ground  roll  (500  feet  at  lighter  weights),  there  are 
vastly  more  airfields  open  to  the  AW  airlifter,  increasing  the 
probability  of  operating  in  closer  proximity  to  the  Forward  Line 
of  Own  Troops  (PLOT)  and  lessening  dependency  on  staging  bases. 
This  all  translates  into  greater  reliability  of  delivery  and 
greater  productivity. 

SPECIAL  OPERATIONS 

The  thick  wing  affords  greater  flexibility  in  offsetting 
payload  with  fuel  for  longer  range  penetrations  with  small 
patrols  or  light  tactical  loads.  Excellent  low  level,  slow 
speed  maneuvering  and  high  dash  speed  combine  with  a  relatively 
low  radar  cross-section  to  aid  in  avoiding  detection  and  enhance 
evasion. 

SEARCH  AND  RESCUE  ( SAR ) 

I  r.  SAR  the  combination  of  high  dash  speed,  long  range,  and 
uncompr om i sed  slow  speed  stability  and  long  endurance  inherent 
in  an  AW  aircraft  enhance  its  effectiveness  as  a  search 
platform.  The  potential  for  developmental  extension  of  the 
fligft  regime  to  include  vertical  takeoffs  arid  landings  arid 
effect  immediate  rescue  upon  detection  of  a  survivor  would 


complement  the  other  AW  attributes  to  make  it  the  complete 
search  and  rescue  vehicle  whether  in  peacetime  or  in  combat. 
AUGMENTOR  WING  TANKER 

The  thick  super c r i t i c a  1  wing  of  the  AW  modifed  C-130  provides 
for  substantial  -fuel  capacity  in  the  wing  box,  supplemented  by  a 
23,0001b.  fuselage  tank  in  the  tanker  version.  Thus,  the 
" KC -  1 30  PL"  has  greater  flexibility  of  speed,  altitude  and 
ranges  to  refuel  recipient  aircraft  in  their  optimum  cruise 
envelope.  The  Augmentor  Wing  airlifter  as  an  in-flight 
refueller,  then,  is  the  essence  of  a  force  multiplier  and  all 
tactical  airlifters  should  be  capable  of  taking  on  or  giving 
fuel  . 

C-130  AUGMENTOR  WING  DEMONSTRATOR 

The  Canadian  Government  will  sponsor  a  demonstrator  program 
on  a  50/50  basis.  Because  the  technology  is  mature  and 
development  would  have  low  economic,  technical  and  operational 
risk,  the  pure  AW  technology  “demonstrator"  phase  could  be 
bypassed  in  favor  of  building  production  aircraft!  the  first  of 
which  wou 1 d  be  the  flight  test  article.  Tin  j  would  accelerate 
the  Initial  Operational  Capability  (IOC)  date  and  further 
enhance  system  affordability.  In  this  eventuality,  the 
JernaristratQr  program  could  be  initiated  in  parallel  to  extend 
the  technology  into  VSTOL.  or  VTGL.  This  would  be  a  preferred 
outcome;  however,  if  it  is  not  intended  to  initiate  a  production 
program  in  the  near  term,  a  demons t r a t or  program  should  be 
pursued  immediatel / . 
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C - 1 30  PL  RETROFIT  OR  ASSEMBLY  LINE  PRODUCTION 


Of  the  large  number  of  C-130s  serving  in  western  air  forces, 
a  reasonable  number  will  have  to  undergo  wing  replacement 
modifications  in  order  to  extend  service  life.  Other  C-130s  are 
operated  by  air  forces  which  have  special  operational 
requirements  which  could  be  satisfied  by  an  AW  technology 
variant.  Such  inventory  C-130s  are  candidates  for  a  retrofit 
program.  Likewise,  some  countries  are  trying  to  increase  the 
size  and  capability  of  their  air  forces  in  the  face  of 
constrained  budgets.  The  availability  of  a  production  line  AW 
capable  C-130  PL  for  a  reasonable  price  increment  would  provide 
an  attractive  vehicle  with  which  to  enhance  force  airlift.  As  a 
less  costly  option  to  an  all -new  design,  a  production  conversion 
C-130  PL  would  have  spin-off  benefits  in  the  foreign  military 
a i d  budget . 

ADVANCED  TACTICAL  TRANSPORT  <  ATT ) 


Looking  ahead  to  an  all-new  tactical  air  lifter  with  systems 
designed  tor  the  operational  environment  of  the  next  century, 
the  AW  technology  provides  the  flight  char ac ter l st 1 cs 
appropriate  to  that  era.  A  comparison  of  the  ATT  RFP  with  the 
AW  performance  specifications  of  the  C-130  PL  vividly 
demonstrate  the  advantages  of  AW  technology. 


SPEC  I F I  CATIONS 


RFP 


C-130  PL 


SIZE  C-130 

WING  AREA  1,700-3,135  sq  ft, 

ASPECT  RATIO  6. 34-8 

THICKNESS/CHORD  RATIO  12-1*4 
PAYLOAD  *4*4  ,  OOOLBS 

Nofe:  the  C-130  PL  carries  art  integral 
Thus,  C-130  PL  effective  pa/lcsd  is: 
COMBAT  l.OAD  27,  OOOLBS 

DASH  SPEED  M  0.7-M  0.85 

RANGE  WITH  36, OOOLBS  l£00nm 


C-130 

1,745  sq  ft. 

1  2 
24 

44 , OOOLBS 
6, 200LBS  LCI'I  f  i  t 
! 50 , 200LB3 ) . 

44 , OOOLBS 
M  0.8 
•  1  .  uQGnm 
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STOL  WITH  36 , OOOLBS  1500  feet  <1000  ft  grnd  roll 

STOL  <  36 , OOOLBS  500ft  grnd  roll 

VTOL  0-300  feet  O  achievable  with 

tilt  wi ng. 

ENGINE  OUT  10%  Reduction  OK  Capable  of  SE  T/0.* 

♦Single  Engine  take  off  at  mid  mission  wt . ( 36 , OOO 1 bs .  payload). 

As  noted  earlier,  the  RFP  specifications  listed  above  combine 
the  features  of  the  two  "test"  aircraft  designs  of  the  Advanced 
Tactical  Transport  Technologies  (ATTT)  study.  Even  the 
Augrnentor  Wing  C-130  PL  performance  predictions  exceed  by  a  wide 
margin  the  capability  being  sought  in  an  ATT.  A  new  design  ATT 
optimized  for  AW  technology  would  realize  further  improvements 
in  performance  and  operational  effectiveness.  While  there  are  a 
number  of  potential  engine  options,  depending  upon  operational 
and  national  preference,  at  this  point  the  performance, 
reliability,  efficiency,  growth  potential,  and  logistics 
commonality  with  the  C-17,  of  the  PW2037  engine  suggest  that  the 
Pratt  &  Whitney/De  Havilland  combination  would  be  a  strong 
technology  component  of  any  team  jointly  developing  and 
producing  modified  tactical  airlifters  or  Advanced  Tactical 
Transports. 

FUTURE  LARGE  AIRCRAFT 

For  Future  Large  Aircraft  capable  of  flying  over  strategic 
ranges  in  the  transport,  tanker,  ASW,  and  AEW  roles,  the  AW 
technology  extends  the  cruise  and  pay  1 oad / range  capability  of 
conventional  designs  by  adding  STOL  performance  virtually 
without  penalty.  These  high  value  aircraft  would  enjoy  the 
additional  tactical  advantages  of  enhanced  maneuvering,  longer 
endurance  through  slow  speed  loiter  and  the  flexibility  of 
operating  from  shorter  airfieldr-  and/or  runways  shortened  by 
bomb  damage.  The  additional  margins  of  safety  from  slow 
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approach  speeds  and  the  el imination  of  roll  or  yaw  upset  in  the 
event  of  a  critical  engine  -failure,  would  increase  the  margin  of 
safety  and  the  probability  of  mission  recovery  in  poor  weather, 
even  below  conventional  minima. 

ADVANCED  TACTICAL  FIGHTER  ( ATF ) 

ADVANCED  VERT  I CAL / SHORT  TAKEOFF  AND  LAND  COMBAT  AIRCRAFT 
(A/STOVL) 

ADVANCED  PILOT  TRAINER 

Joint  U.S. /Canada  research  and  development  work  in  Ejector 
L i f t / Vec tor ed  Thrust  (EL/VT)  for  Supersonic  Short  Take  Off 
Vertical  Land  (SSTOVL)  has  the  potential  to  provide  the  combat 
agility,  and  dispersal  needed  for  fighter  effectiveness  and 
survivability  in  todays  air  war  fighting  environment.  These 
same  techniques  can  now  be  incorporated  safely  into  advanced 
pilot  trainers.  Training  under graduate  fighter  pilots  in  these 
essential  techniques  on  a  less  expensive  aircraft  prepares  them 
to  optimize  postgraduate  training  on  the  more  valuable 
operational  fighters.  Collaborative  production  of  these  fighters 
and  trainers  would  enhance  the  i nteroperab i 1 i ty  of  NORAD  and 
NATO  fighter  forces. 

JOINT/COALITION  PROGRAMS 

Secretary  Weinberger  and  Congress  have  endorsed  the  principle 
of  multinational  weapons  systems  developments.  The  effects  of 
Gramm-Rudman-Hol 1 i ngs  could  be  sufficiently  far  reaching  that 
many  needed  programs  will  never  materialize  as  one-nation 
developments.  The  infusion  of  funds,  technology  and  demand  for 
the  weapons  system  by  a  partner,  or  partners,  correspond i ngl y 
reduce  the  liability  and  risk  which  the  United  States  would  have 
to  shoulder.  There  is,  also,  a  correlation  between  the  size  of 
defense  effort  a  nation  can  and  will  mount  and  the  scientific 
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and  engineering  contribution  and  comm  1 tmen t  which  that  nation 


makes  to  the  development  of  its  own  weapons  systems.  The 
military,  political  and  economic  benefits  of  such  burden  sharing 
would  have  great  appeal  within  Congress,  the  Adm i n i s t r at i o n  and 


Dr.  DeLauer  levied  four  criteria  by  which  to  assess  the 
validity  and  worth  of  joint  programs.  The  application  of 
Augmentor  Wing  technology  to  the  tactical  airlift  requirements 
meets  these  tests.  First,  it  provides  a  quantum  improvement  in 
operational  effectiveness,  and  the  larger  production  run  of  a 
co 1 1 abor at i ve  program  further  reduces  per-unit  cost.  Second, 
the  co-produced  Augmentor  Wing  technology  weapons  system 
fulfills  military  doctrine.  Third,  there  is  great  similarity  of 
mission  requirement  amongst  the  U.S.  services  and  western  air 
forces.  Fourth,  it  makes  eminent  sense  -  particularly  since 
certain  U.S.  and  Canadian  aerospace  comp an ies  and  the  research 
commun l t l es  have  achieved  law  risk,  operationally  oriented, 
quality  Augmentor  Wing  technologies  which  are  sufficiently 
mature  to  be  applied  to  a  range  of  affordable,  practical  and 
operationally  effective  tactical  airlift  alternatives. 

For  the  past  five  years,  the  President  of  the  United  States 
has  spearheaded  a  major  reequipment  of  the  U.S.  armed  forces. 

The  planned  modernization  is  not  complete,  and  completion  is  in 
jeaopardy  because  of  budget  pressures.  The  Canadian  Government, 
similarly,  has  been  trying  to  modernize  and  increase  the 
Canadian  Forces  after  almost  two  decades  of  capability  erosion. 
Fiscal  reality  is  conatramir,  g  in  both  countries.  Sharing 
research  and  develop  merit,  an  d  realizing  the  economies  of  scale 
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of  co-producing  needed  systems  are  ways  of  freeing-up  a  larger 


proportion  of  each  country’s  defense  budget  for  weapons  systems 
procurement . 

From  the  proceeding,  one  can  only  conclude  that  a  United 
States/Canada  Augrnentor  Wing  technology  development  and 
production  program  would  be  ope r a t 1 ona 1 1 y ,  economically  and 
politically  timely.  Since  our  European  NATO  allies  are  now 
planning  the  development  and  deployment  of  an  Advanced  Tactical 
Transport  which  is  virtually  identical  to  the  USAF  and  CF 
requirements,  and  which  is  to  be  brought  into  service  at  the 
same  time,  the  co 1  1 abor at  1 ve  effort  could  be  broadened  to 
include  North  America  and  Europe. ^  The  Advanced  Tactical 
Transport  is  the  right  end  for  program  collaboration,  the 
Augrnentor  Wing  technology  is  the  right  means  to  that  end. 

“U.S.  alliances,  treaties  and  agreements  serve  not  only  to 
define  clear  lines  against  aggression.  By  combining  the 
resources  of  many  nations,  collective  security  arrangements 

O 

also  share  the  common  burden. 
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CHAPTER  VIII 


*John  Turner.  "Air-to-air  refuelling:  its  contribution  to 
cost-effective  air  operations,"  Jane's  Defence  Weekly.  (26 
January,  1985),  148. 


“Caspar 


W. 

35 


We i nber ger . 


Annual  Report  to  the  Congress:  Fiscal 


3This  is  not  meant  to  exclude  other  interested  allies  such  as 
Australia,  for  example,  but  represents  a  grouping  of  nations 
having  the  largest  r equ irement  for  an  Advanced  Tactical 
Transport  and  where  plans  are  known  to  be  sufficiently  advanced 
as  to  foster  a  co 1 1 abor at l ve  agreement.  A  spin-off  benefit  of 
this  collaboration  would  be  a  less-expensive  end-product  for 
those  allies  who  were  not  involved  in  the  development  and 
production  phases  but  also  require  the  significant  capability 
upgrade  at  the  lowest  possible  cost. 
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Argentine  Air  Force 
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Antiaubmarlne  Warfare 
Advanced  Tactical  Fighter 
Air  Transport  Group 

Advanced/Short  Take  Off  '/ertical  Land 
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Department 
Augmentor  Wing 
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Initial  Operational  Capability 
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Military  Airlift  Command 
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